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PREFACE 



IN 1807 a Survey detachment was deputed by the Surveyor General of Bengal to 
explore the source of the Ganges : this was the first expedition to the Himalaya 
undertaken for purely geographical purposes. A hundred years have now elapsed^ 
during which geographical and geological information has been steadily accumulating 
and we have at length reached a stage where there is danger of losing our way in a 
maze of unclassified detail : it is therefore desirable to review our present position, to 
co-ordinate our varied observations and to see how far we have progressed and what 
directions appear favourable for future lines of advance. 

The present paper originated in a proposal submitted by the Survey of India to 
the Board of Scientific Advice at the meeting of the latter in May 1906. The pro- 
posal was as follows : — " The number of travellers in the Himalaya and Tibet is 
" increasing, and a wider interest is being evinced by the public in the geography of 
" these regions. It is therefore proposed to compile a paper summarising the geographi- 
"cal position at the present time." 

Subject to the modification that the scope of the paper should be geological as 
well as geographical, this proposal has received the sanction of the Government of 
India and the work has been entrusted to us to carry out. On the understanding 
that the paper is intended primarily for the use of the public, we have endeavoured 
to avoid purely technical details and to present our results in a popular manner. 

Our subject has fallen naturally into four parts, as follows: — 

« 

Part I. — ^The high peaks of Asia. 
Part II. — ^The principal mountain ranges of Asia. 
Part III. — ^The rivers of the Himalaya and Tibet. 
Part IV. — The geology of the Himalaya. 

Though the four parts are essentially interdependent, each has been made as far 
as possible complete in itself and will be published separately. The first three parts 
are mainly geographical, the fourth part is wholly geological : the parts are subdivided 
into sections, and against each section in the table of contents is given the name of the 
author responsible for it. 



PREFACE 

The endeavour to render each part complete must be our apology for having 
xepeated ourselves in more places than one : the relations, for instance, of a range to a 
river have been discussed in Part II, when the range was being described, and have 
been mentioned again in Part III under the account of the river. 

As the mountains of Asia become more accurately surveyed, errors will doubtless 
be found in what we have written and drawn : it is not possible yet to arrive at correct 
generalisations and we have to be content with first approximations to truth. 

Maps, too large for insertion in such a volume as this, are required for a study of 
the Himalayan mountains : the titles of maps illustrating the text are given in foot- 
notes and are procurable from the Map Issue Office of the Survey of India in Calcutta. 
Constable's hand-atlas of India will be found useful. 

We are much indebted to Babus Shiv Nath Saha and Ishan Chandra Dev, b.a., for 
the care with which they have checked our figures and names, and to Mr. J. H. Nichol 
for the trouble he has taken to ensure the correctness of the charts. Mr. Eccles and 
Major Lenox Conyngham have been kind enough to examine all proofs, and to give 
us the benefit of their advice and suggestions. Mr. Eccles has also supervised the 
drawing and printing of the charts, and we have profited greatly by the interest he has 
shown in them. 

S. G. BURRAHD. 

H. H. Hayden. 
-March 1907. 
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ON THE ORIGIN OF MOUNTAIN RANGES. 



THE surface of Central Asia appears to consist of two primary elevations of the 
crust, separated by a trough -like depression; the 
hJ^t^iS^ *"* southern elevation is the plateau of Tibet, the northern 

is the Tian Shan chain, the intervening depression is 
the Tarim basin (see frontispiece, Part I). A second trough is to be seen south 
of the Tibet plateau, separating that plateau from the ancient Vindhya mountains ; it 
is now filled with alluvium and constitutes the plains of Northern India. 

These two wide elevations of the crust and their complementary depressions form 
the basis of the mountains of Asia. 

Until a comparatively recent date in the geological time-scale — ^the middle ter- 
tiary epoch — all the northern part of what is now the Himalaya, and probably the 
whole of Tibet were covered by a great sea,* in which deposition of sediment had con- 
tinued for a vast period. At length, owing to forces, the origin of which we can at pre- 
sent only conjecture, a period of crust-movement set in and the floor of the Tibetan 
sea began gradually to rise and to be thrown into a series of long parallel wave- 
like folds. 

As the crests of the earth- waves rose from the waters of the sea, they were eroded 
by rain and weather, and the rising land became broken and irregular : drainage 
basins were carved out of its flanks and a river system, composed of " transverse " 
valleys, was gradually developed. As elevation continued, the troughs of the folds 
emerged and a series of " longitudinal " valleys was established at right angles to 
the transverse valleys and parallel to the longitudinal axes of the folds. From 
a combination of the concurrent processes of elevation and erosion, the existing moun- 
tain systems of the Himalaya and Tibet have been slowly evolved. As denudation 
has proceeded, deeper and deeper parts of the crust have been laid bare, but the forms 
of many folds can still be traced and the trends of their longitudinal axes followed 
for long distances. The folds, although analogous to waves, more nearly resemble the 
breakers on a beach than the swell of the open sea ; the form of their surface is rarely 
that of a simple arch and trough ; fold has been superimposed on fold, arches have 
been overturned until they are almost horizontal, and whole areas have been so distorted 
and crumpled, that the details of structure can only be unravelled with difliculty. 
Where the stress has exceeded the breaking-strain of rock, the structure has been com- 

* This old sea of a nreyioiu geological age onoe covered nmoh of Europe as well as Central Asia and has been named by 
Suess the •• Tethys," Natural Science, VoL ft (1893), p. 183. 
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plicated by fracture ; parts of the crust have in some cases subsided, and in others been 
moved horizontally. Nor are these the only causes of complexity, for along many of 
the planes of weakness and fracture molten material has been forced up from below, 
and has partly absorbed the original sediments. 

Though the origin and nature of the forces which produced the Himalayan 

mountain system are not subjects which fall within the 
The forces that raised the moun scopc of this paper, it may uot be out of place to^llude 

briefly to the more important theories that have been put 
forward to explain the cause of folding. 

The great series of parallel plications in Asia are supposed to have been caused 
by a horizontal thrust from the north : the sediments of the Eurasian sea were 
forced against the northern coast of the once continuous Indo- African continental 
mass which stood like a buttress in the path of the advancing earth- waves. The 
following hypotheses among others have been advanced to account for the origin 

of such a thrust : — 

(a) Contraction of the earth. 

(&) Disturbance of isostasy. 

(c) Change in the rate of the earth's rotation. 

(a) Contraction of the earth. — ^This hypothesis is based on the assumption that the 
earth as a whole is contracting in volume, owing to loss of heat or other causes, and that 
the rate of contraction of the inner nucleus is greater than that of the crust ; the latter 
is thus left unsupported and becomes wrinkled, when adapting itself to its reduced core. 
Although this theory has met with wide acceptance, it has been adversely criticised by 
many authorities chiefly on the ground of the inadequacy of any known cause — ^whether 
it be gravitation or loss of heat — ^to produce contraction on a sufficiently large 
scale to account for the observed folding.* 

The extent to which the surface of the earth has been contracted by folding appears 
to be considerable ; it has, for instance, been calculated that the folds of the Alps 
represent a contraction of 74 miles, and it has been roughly estimated, that the ori- 
ginal surface of Asia has been shortened by wrinkling between Siberia and India by 
at least 100 miles, and by possibly as much as 400. f Estimates of the contraction of 
the surface of the earth from the observation of folds are, however, of doubtful value. 
Even in areas of which the structure is known in greatest detail, the problem cannot 
be solved by simple measurements, for folds of strata have, in certain cases, been io\mA. 
to indicate stretching rather than contraction, and it is impossible to tell how far the 
one effect has balanced the other, j; 

(6) Disturba/nce of isostasy.— T\nA hypothesis was put forward by Captain C. £• 
Dutton in the year 1889.§ The term " isostasy " may be most suitaUy explained in 

* Vide Bey. O. Fisher's Phyaiu of ikt Earth's CnuL 

t In the Sub-Himalaya C S. Middlemiss found a contraction of 8 mile» in 19. Memoirs, Geological 8wrvey of India, 
Vol. XXIV, Part 2, p. 77. 

t In the Henry Mts., 6. K. Gilbert found that a bed of sandstone had been stretched by 300 feet in a distance of three 
a. Repen m «fte Oeaiogp of the Henry MU., U. 3. DfpwntmenU of Hkt IfUerior, 2ad Rdition ( ISaO), p. 75. 

§ Butt. Pha. 8oe., Washington, Vol XI (1S92), pp. 61-64. 
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Dtttton's own words : " If the earth were con^wsed of homogeneous matter its normal 
'* figure of equilibrium without strain would be a true spheroid of revolution ; but if hetero- 
geneous, if some parts were denser or lighter than others, its normal figure would 
no longer be spheroidal. Where the lighter matter was accumulated there would 
be a tendency to bulge, and where the denser matter existed there would be a tendency 
to flatten or depress the surface. For this condition of equilibrium of figure, to which 
gravitation tends to reduce a planetary body, irrespective of whether it be homo- 
geneous or not, I propose the name isostasy. We may also use the corresponding 
" adjective isostaiic. An isostatic earth, composed of homogeneous matter and without 
rotation, would be truly spherical. But if the earth be not homogeneous, if some 
portions near the surface be lighter than others, then the isostatic figure is no longer 
" a sphere or spheroid of revolution, but a deformed figure bulged where the matter ifi 
*' light and depressed where it is heavy." 

The presence in mountain ranges of masses of shallow- water deposits, having 
a vertical thickness of many thousand feet, without break of continuity, proves that 
during vast periods of time deposition of sediment took place in seas of which the depth 
remained constant ; this could only occur if the sea-floor continued to sink pari passu 
with the deposition of sediment. Observations have also shown that the adjacent land 
surfaces, from which the sedimentary material was being taken, were gradually rising 
and Captain Button was led to conclude * that " these subsidences of accumulated 
** deposits and these progressive upward movements of eroded mountain platforms 
" are, in the main, results of gravitation restoring the isostasy, which has been disturbed 
'* by denudation on the one hand and by sedimentation on the other ' ' ; that is to say, 
the eroded portion becomes lighter and rises while the loaded area becomes heavier 
and sinks, isostatic equilibrium of the crust of the earth being analogous to hydro- 
static equilibrium in a fluid. A cause has thus been suggested for the sinking of the 
sea-floor on the one hand and the rising of the land on the other ; but in order to 
explain the folding of the deposits laid down, it is necessary to take a step further and 
assume, as Button has done, that as sediment accumulates, the lower layers, owing to 
the pressure of the overlying material, acquire a certain amount of plasticity, and that 
there is produced " a true viscous flow of the loaded littoral inward upon the unloaded 
" continent"; such a process might tend to form long parallel plications following the 
trend of the coast-line. The theory of isostasy however does not account for the rise 
of the sea-floor and its conversion into a continental mass ; in fact, as enunciated by 
Button, it tends rather in the opposite direction, and its author expressly stated that 
" the theon' of isostasy offers no explanation of these permanent changes of level." 

So far as the Himalaya are concerned there are grounds for believing that isostasy 
is operative and has been an important factor in mountain-building at least during 
the later stages of growth of the Siwalik range,t but the hypothesis in its present form 

• Op. Cit,, p. 56. 

t Rev. O. Fisher: Physics of the Earth's Crust (1889), and 

C. S. Middieniiitti : Memoirs, Geological Survey of Ind%a, Vol. XXIV, Part 2 (1889). 
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undoubtedly seems inadequate to account for the uplift of the northern ranges and 
of the Tibet plateau. 

(c) Change in the rate of the earth* 8 rotation. — ^The rate of the earth's rotation 
was formerly greater than it is now and, as the figure of a rotating body depends on 
its rate of rotation, any change in the latter will be accompanied by a change in the 
former. Retardation of the rate of rotation produces a more perfect sphericity, and 
tends to reduce both the excess of matter at the equator as well as the deficiency at 
the poles. The strains thus set up might produce a wrinkling of the crust, but can 
hardly be held to account for the general plication of the surface of the earth. 

Other theories have been propounded to explain the origin of mountain ranges, 
but all are open to objections. Theories, that attribute surface- folds to changes in the 
position of the earth's axis, cannot be given any weight, for although such changes 
are known to take place, they have so far been found to be very small.* The theory 
ascribing the elevation of the sea-floor to the expansion, which it undergoes from heat 
when it becomes buried under layers of sediment, has been fully discussed and dis- 
carded by Middlemiss.t 

* Prof. Albrecht: AHron. Naeh, No. 3619. abstracted in Nature, Vol. 58 (1898), p. 42. 
t C. S. ^fiddleiuifis : Memoirs, Geological Survey of India, Vol XXIV, Part 2 (1890). 
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OBSERVATIONS OF THE PLUMB-LINE AND PENDULUM. 



Observations of height cannot be trusted to show the original axial alignment of 
a mountain range. In the case of a recent range like the Siwalik, the highest peaks do 
perhaps overlie the axis of elevation, but in the course of years rain and rivers dis- 
figure the original form to such an extent, that when ranges are old, their highest points 
afford no clue as to the original configuration. Geologists have often found from 
examinations of the lie of rocks, that a row of peaks, which appears to trigonometrical 
observers to be a range, marks the line of a former valley, and that the original hills 
on either side have all been washed away. 

Just as geological studies of rocks have upset conclusions derived from surface 
mec^urements, so have observations of the plumb-Une and pendulum shown that the 
structure of mountains is more complex and deep-rooted than investigations of surface 
rocks would lead us to suppose. 

A plumb-line, as is explained in Part I, is a string hanging under the influence 
of gravity. A cord stretched by a hanging weight is forced to assume a vertical position 
by the attraction of the earth upon the weight, but if a mountain is situated on one 
side, and a flat plain or deep sea on the other, the plumb-Une does not coincide with the 
normal to the spheroidal surface of the earth but is deflected towards the excess of mass. 
If the crust of the earth were homogeneous, and if no mountains nor hollows existed 
at the surface, the plumb-line would everywhere coincide with the normal.* 

The earth is so large compared with mountains, that attractions exercised by the 
latter have but slight influence upon hanging weights, and deflections of the plumb- 
line are always small. Nevertheless deflections do exist, and by studying them 
we are able to calcidate the excesses and deficiencies of mass hidden in the crust. 

In many places in Southern India the plumb-line undoubtedly coincides with 
the normal, but deflections of 3'' and 4'' are also common. Near Bangalore a deflection 
of the plumb-line of 1" towards the south has been discovered ; at Deesa one of 8^ 
towards the north, and at Bombay one of 10'' towards the north. At none of these 
places are there mountains sufficiently high or near to cause so large deflections of 
gravity, and the sources of disturbance must be subterranean.t 

Between 1830 and 1840, when the trigonometrical survey was first extending its 
operations across the plains of Northern India, Sir George Everest found that the 
attraction of the Himalaya mountains was not appreciable, even when they were actually 
in view. Everest's station of Kaliana near Muzaffamagar is 40 miles from the outer 



^ For definitions of the words normal and vertical see part I, footnote to page 24. 

t Befiections of the plnmb-line are determined from astronomical observations, and are relative to some assumed datum. 
The values given in this paper are taken from The inUnaity and direction of the force of gravity in India, PhUodophiad 
Transactions of the Boyal Society, Series A, Vol. 205 (1906). *^ 
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hills and 120 miles from the line of great peaks, and at this point the plumb-line i& 
only deflected 1^ towards the Himalaya. 

In 1862 Archdeacon Pratt of Calcutta calculated what the effect of Himalayan 
attraction should be at Ealiana according to the laws of gravitation, and he found 
that the plumb-line there ought to be deflected 27'' towards the north. Seeing how large 
a deflection was indicated from theory, and how small the actual deflection proved to 
be, Pratt devised his famous hypothesis of '^ mountain compensation". He explained 
the difference between the theoretical and the actual deflection by assuming the moun- 
tains to be *' compensated". In all parts of the earth's crust, he said, the amount of 
matter is the same. *'In the land portions of the earth's surface," to quote his. 
own words, '' there is a deficiency of matter below the sea-level approximately 
^' equal to the amount of matter above it : below ocean beds there is an excess of 
** matter approximately equal to the deficiency of matter in the ocean as compared 
"with rocks." Pratt's theory, like the modem theory of isostasy, assumed that 
mountains were being supported not by the rigidity of the crust but by the buoyancy 
of light matter floating in a denser medium. 

As the operations of the trigonometrical survey have come to be extended to the 
foot of the Himalaya, it has become increasingly evident, that these mountains are not 
compensated — at any rate not completely — by underlying deficiencies of density. At 
the foot of the hills north of Kaliana great deflections of the plumb-line have been 
observed — at NojU 13^, at Dehra Dun 37", at Rajpur 47^ : at Siliguri in Bengal the 
deflection is 23''. Throughout the outer Himalaya themselves large deflections prevail, — 
at Kurseong 51'^, at Tonglu 42^^, at Birond 44^^, at Mussooree 37^. These deflectiona 
all go to show that the Himalaya mountains must be exercising a more powerful 
attraction than the observations at Kaliana and other similarly situated places had led 
Pratt to believe. 

The problem that confronted Pratt was, — Why do the Himalaya exercise no aUrac- 
tion at Kaliana ? The problem that has confronted his successors has been, — How can 
the Himalaya exercise a powerful attraction at Dehra Dun^ and yet cause hut a small 
deflection at Kaliana^ only 55 mUes south of Dehra Dun ? 

If the attraction of the Himalaya is capable of producing a deflection of ZT at 
Dehra Dun, it will produce a deflection of 1 8'' at Kaliana, and one of 1 '5'^ at Cape 
Comorin, the southernmost point of India.* The attraction of a great mountain 
mass must decrease with distance in accordance with the laws of gravitation, and 
cannot die suddenly away. 

It was suggested by General Walker that the deficiencies of matter underlying 
the Himalaya were situated so many miles below the surface, that their effect on a plumb- 
line at Dehra Dun was small and at Kaliana great — ^that their presence compensated 
the visible Himalaya when observed from the distance of Kaliana, but not when observed 
from a near station like Dehra Dun. But this hypothesis did not satisfy mathematical 
tests ; the actual effects of compensating deficiencies were calculated for a great 



* MorMy Notices, Royal Agironomieal Society, January 1902. 



THE PRINCIPAL MOUNTAIN RANGES OF ASIA. 



33 



Observatio.is of the Pendulum. 



many assumed depths, and no depth could be found, ^t which the deficiency would be 
compensating for Kaliana and not for Dehra Dun."^ 

The explanation of the observed phenomena, that is now accepted, is that an in- 
visible chain of excessive density, parallel with the Himalaya, is underlying the plains 
of northern India : this buried chain is 150 miles distant from the foot of the mountains ; 
at stations like Kaliana the southerly attraction of this chain is counteracting 
the northerly attraction of the Himalaya ; at Dehra Dun, where the Himalaya 
are near and the buried chain is distant, the effect of the latter is not very apparent, 
but as we move southwards, the attraction of the visible mountains to the north de- 
creases, and that of the invisible mass to the south increases. The suddenness with 
which deflections of the plumb-line decrease as we recede from the Himalaya 
is due to the presence of a southern and subterranean source of opposite attraction. 

In 1903 pendulum observations were commenced in India in order to test the 

correctness of the conclusions that had been drawn 

from observations of the plumb-line, f The plumb-line 

shows the direction in which gravity is acting, the pendulum shows the strength 

with which it pulls. Deflections of the plumb-line are due to the horizontgl attractions 

of surroimding masses : observed difierences in the strength of gravity are due to 

variations in the vertical attraction of underlying masses. 

When a pendulum is being observed, the time in which it makes one vibration 

has to be measured : if this time is shorter than the normal time, gravity is strong in 

that locality ; if the time is longer than the normal time, it is a proof that gravity 

is weak. If the force of gravity is foimd to possess exceptional strength, there must 

exist an excess of matter in the crust underneath the pendulum station : and if 

gravity is exceptionally weak there must be subterranean deficiencies of density. Thus 

the pendulum indicates to what extent the local crust differs from the normal crust 

in density. 

The following tables show the results obtained from pendulum observations during 

the last three years J : — 

Table XXI — Stations in the Himalaya. 



Pendulum station. 



Kurseong 

Darjeeling 

Sandakphu 

Mussooree (Gamers Back) . 

Musaooree (Dunseverick) . 

Simla . . . . 





Invisible 




Height of 


deficiency of 


Resultant 


Htation — 


ruck as 


excess of 


visible excess 


revealed 


rock in 


of rock. 


by the 
pendalum. 


the crust 



Feet. 

4915 
6966 
11766 
69?* 
7131 
7043 



Feet. 

—3700 
—4070 
—4180 
-3100 
—3270 
—3380 



Feet. 

+ 1216 
+ 2896 
+ 7586 

+3824 
-3861 
■i 3663 



f MotUUy SoUeet, Soyal Attnmomical Bodetf, J«nuaiy 1902, page }83, and Stirrtff of India. Prpfeuioiuil paper 
9o. 6. 1901. 

t PhUotophied Tratuaetiont of the Boyal Society, Swm A, VoL 206 (1906). 

% See M*)<s Lenox Oonyngham's reports on ^ pemdulam operatioas in India, 1903 to 1906L 
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It will be noticed in the third column that a deficieficy of rock, averaging 3600 
feet, underlies each of the Himalayan stations. The compensation is, however, 
not complete, and the last column shows the heights at which the stations would be 
situated, if the crust were everywhere of the same density. 

Table XXn — Stations near the foot of the Himalaya. 



Pendulum station. 



Height of 

station =" 

visible excess 

of rock. 



Invisible 

deficiency of 

rock as 

revealed 

by the 

pendulum. 



Siliguri . 
Dehra Don 

Ealka . 
Pathankot ' 



Feet. 

387 
2241 
2202 

1088 



Feet. 

—3840 
—3440 
—2386 
—5055 



Resultant 
deficiency 
of rock in 
the crust. 



Feet. 

—3453 
—1199 
— 184 
—3967 



The hidden deficiencies underljing these four submontane stations average about 
3600 feet; the last column shows, that in every case the subterranean deficiency 
more than compensates the excess above sea-level, and that on a homogeneous 
crust the whole submontane region would be situated below sea -level. 



Table XXIII — Stations between 20 and 30 miles from the Himalaya. 



Pendulum station. 



Height of 

station » 

visible excess 

of rock. 



Invisible 

deficiency of 

rook as 

revealed 

by the 

pendulum. 



Ri«ultant 

deficiency 

of rock in 

the crust. 



Jalpaiguri 
Lndhiana 



Feet. 

268 
833 



Feet. 

—2700 
—1306 



Feet. 

—2432 
— 473 



Jalpaiguri of table xxin is in the plains of Bengal, and 25 miles from Siliguri 
of table xxn : the imderlying deficiency of matter has decreased by 1140 feet in 
those 26 miles. 

Ludhiana of table xxni is in the plains of the Punjab and is more distant from 
the Himalaya than Pathankot or Kalka of table xxn by 26 miles : the deficiency 
under Ludhiana is 1080 feet less than under Kalka, and 3749 feet less than under 
Pathankot. 
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Table XXIV — Stations between 80 and 120 miles from the Himalaya. 



Pendulum station. 



Height of 

station^ 

visible excess 

of rook^ 



Invisible 
excess of 
rook as 
revealed 
by the 
pendulum. 



Resultant 

excess of 

rook in 

the crust. 



Eisnapur 
Mian Mir 
Ferozepore 



1 

I 

Feet. 


Feet. 


Feet. 


113 


+ 1000 


+ 1113 


708 


+ 170 


+ 878 


647 


+ 227 


+ 874 



Kisnapur is in Bengal, Mian Mir and Ferozepore in the Punjab. Below these 
stations the crust is of excessive density. If the crust were made homogeneous, the 
stations of table xxiv would all stand higher above sea-level than they do at 
present. 

The pendulum has therefore corroborated the conclusions which were drawn 
from observations of the plumb-line. In Northern India there are three variations 
in the crust, where the eye-observer notices but two forms of surface. The eye- 
observer sees a hilly region on the north and flat plains to the south : the pendulum 
observer finds three parallel zones — ^the zone of mountains on the north, the zone of 
deficiency in the centre, the zone of excess to the south. 

From determinations of horizontal attractions the observer of the plumb-line 
was led to the conclusion that a great chain of density lay buried underneath the plains 
of northern India, and now the pendulum observer has arrived at the same result 
from an investigation of vertical attractions. 

If when observing near the foot of the Himalaya, we rely upon our eyes or upon 
our levels, we become aware of mountains on the one side of us but none on the 
other : but if we disregard the evidence of eye and of level, and believe our pendulums 
and plumb-lines, we are led to imagine that we are standing between two mountain 
ranges, one of which visible to the north rises abruptly out of the plains, whilst the 
other invisible to the south slowly gains in elevation for one or two hundreds of 
miles. 

It is not possible to explain how these variations of density in the crust have 
come about or to what they are due : the parallelism to the Himalaya of the buried chain 
of density seems to indicate unity of origin, but whether the zones of excess and 
deficiency are caused by the weight of the Himalaya and of Tibet pressing vertically 
upon the yielding crust of the earth, or whether by the horizontal thrust of the Hima- 
layan arches against a subterranean abutment, we cannot venture an opinion. It 
may be that the Himalaya mountains are more due to the buried chain, than the 
chain is to the Himalaya, and it may be that both mountains and chain have been 
caused by one and the same movement in the crust. 

L 
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In reports on geodetic work it is customary to call the outer sheU of the earth the 
crust, and in the descriptions given above we have repeatedly referred to the crust ; 
but we possess no evidence that a crust exists sharply separated from an interior core. 
It would indeed be more reasonable to assume that the so-called crust and core merge 
imperceptibly into one another. If, however, the crust of the earth does differ in 
density from the core, and if the transition from the one to the other is sudden and 
not gradual, the hidden excesses and deficiencies of mass revealed by the plumb-line 
and pendulum may be due to variations in the depth, at which the surface of the 
heavy core lies below the surface of the light crust ; the core may be approaching 
nearer to the surface of the earth in some places than in others. 

Our observations are at present insufficient to admit of the dep^ of the hidden 
variations of mass being determined, but there are reasons for believing that the 
excesses and deficiencies, which have been discovered, are between 20 and 70 miles 
^eep. 
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THE HIMALAYA AS REPRESENTED UPON MAPS. 

There is no portion of the earth* s surface so difficult to represent upon map» 

as the high mountains of Asia. The complexity of their 

Methods of hill-shading. ^ . . . ,i i -n i? ^i ^ • j 

configuration tnes the skill oi the most expenenced 
surveyors ; and the immensity of their area obliges draftsmen to keep a reserve of 
power in hand, lest they should reach the utmost possibilities of hill-shading 
before they have depicted the regions of boldest relief. 

In all discussions upon the drawing of mountains the fundamental fact to be 
recognised is that draftsmen have at their disposal an inadequate means of representa- 
tion. Hill-shading by strokes of a pen is a feeble method of indicating great variations 
of slope and height, and the artistic reforms that have been introduced at intervals 
are evidence of the dissatisfaction of map-makers. 

Three different systems of shading by pen strokes have been devised for the repre- 
sentation of mountains on paper, but no one of them can be held to be adequate. Under 
the first an appearance of relief was given to a map by making eastern and southern slopes 
dark, western and northern light. Under the second the strongest darks were used 
for emphasising the greatest altitudes and the commanding points. Under the third 
depth of shade was made proportional to steepness of slope. In many maps the 
first and second systems have been combined, in many others the second and third, 
and in some few there are traces of all three to be foimd. 

In the General Report of the Survey of India for 1904-05, the Surveyor General, 
Colonel Longe, writes : ' ' I believe that no system has yet been evolved by any country 
"which deals satisfactorily from a systematic and artistic point of view with this 
" question. If any light can be thrown on this question by any student of the subject 
" his conclusions would be most gratefully welcomed." 

If we examine large scale maps of the Himalaya we become bewildered by the 

ramifications of ridges and spurs, and we fail to discover 

et o o gener isa n, ^^^ evidence of Structural law underlying the chaos. 

If we turn to small scale maps, we find that the mountains have been generalised 
and are now represented in a simple form. But these generalisations have been 
carried out by draftsmen, who were unaware of the scientific problems involved, 
and they are nothing more than conventions. 

A draftsman can no more draw mountains without a knowledge of their structure 
than a landscape artist can draw a village scene without perspective, or than a figure 
painter can draw men and animals without studying their anatomy. If we attempt 
to cover many square yards of paper with hill-shading, without having a knowledge 
of the governing lines of structure, we only succeed in presenting a chaotic mass of 

incoherent details. 

l2 
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Kuskin says that it is always wrong to draw what we do not see. No one will 
oppose Buskin's maxim, but the difficulty in mountains is to see, and long experience 
is necessary to give the power of doing so. The untrained eye will see details 
readily enough, but it wiU miss the governing lines. In small scale representations 
we require the governing lines, not the details.* 

In many cases the surveys incorporated in maps have necessarily been executed 
by eye-sketching from great distances and the mountain features have been roughly 
delineated. But even when large scale maps do show the hiUs with accuracy the 
general effect is apt to be uninteresting and monotonous, and the draftsman, who has 
to construct from them maps on a smaller scale, is utterly at a loss to know what 
to retain and what to omit. 

Those who realise the difficulties attending generalisation in any branch of science 
will sympathise with the draftsman who has to discover the governing lines of a moim- 
tain mass. A surveyor can map the visible ridges and rivers, but he can never obtain 
abird's-eye view of the whole, and in his generalisation he is apt to attach an exag- 
gerated importance to the rivers. 

On almost all maps the water-partings are made the most conspicuous ranges: 
Undue emphasis is given to water- draftsmen see two Streams and create a ridge between 
partings. them : we thus have ridges running in aU directions, the 

more important the water-parting the darker the ridge. This system has rendered small 
scale maps useless for scientific investigation. There wiU be no progress in Himalayan 
mapping, until the water-parting ridges are subordinated to the ranges of original 
elevation. The lines of water-parting, though emphasised on maps, have rarely any 
structural importiance, and have but little interest for the geographer or geologist. 
What, for example, can be more misleading than to show Mount Everest nsing from a 
southern spur of a Tibetan range, because the latter happens to be a water-parting ? 
Tet this was done in the map illustrating the Imperial Gazetteer of India.f 

On a map a river is a sharp line, that admits of no modification ; a range is indefi- 
nite, and can be squeezed at will. On all maps the draftsmen begin by drawing as 
many rivers as the scale allows, and they adjust the hills afterwards to the rivers. 

In nature the mountains determine the directions of rivers : in maps the rivers 
determine the directions of mountains. 

The principal Himalayan rivers tend to flow down perpendicular to the great 
range : this important fact could hardly be illustrated on a large scale map, the details 
of which would be too intricate ; but it should be clearly visible on small scales. \Vhen, 
however, in practice a map comes to be reduced from a large to smaller scales, the 



♦ The following is extracted from a memorandum on the Survey of Kashmir by Sir Henry Thuillier, Surveyor General 
of India, who was an expert draftsman : ** The difficulty of sketching ground of such a character may be imagined. To 
do so with any degree of faithfulness requires a peculiar talent and is a gilt as much as cop3ring the human face. Stevenson, 
the civil engineer, in his evidence before parliament on the Ordnance Survey of England stated his belief, that th^re were 
not above eight persons in England who understood how to pourtray ground. If difficult therefore in Eneland, it must be 
still more so, where the relative commands are so immense." — JournMy Aaiatic Society of Bengal, Vol- XXIX, 1800. 

t Dated 188 1.5 f 
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great rivers become nearer together on the paper, and less space is left for the 
hill-shading between them ; in the course of reduction, though numerous ridges have 
to be eliminated, the great parallel rivers are retained as though they were the 
governing lines of the topography. Finally on the smallest scale the draftsman fills up 
the space between two rivers with a long ridge running parallel to them. 

Chart X illustrates our meaning : here we have a portion of the Himalaya as re- 
Representations of the Kumaun presented on the 1 inch =32 miles map of India, and the 

^^ representation has been obtained by generalisation 

from maps on a larger scale.* Three rivers, the Sutlej, the Bhagirathi, and the Alak- 
nanda, rise behind the great Himalayan range and cut across it. These rivers have 
been allowed to determine the form of the hill-shading on the map, whereas in nature 
it was the great range that gave to the rivers their falls and determined their directions. 

In the first drawing on chart xi the same area is shown as represented on the 
1 inch =64 miles map of India ; the influence of the three rivers upon the hill-shading 
is very marked. In the second drawing on chart xi an endeavour has been made to 
show how the hills should be shaded : the ranges have not been drawn following the 
rivers, but at right angles to them : the long spurs between the rivers have been 
eliminated, and the parallelism and continuity of the ranges have been emphasised. 

Until the Himalaya have been surveyed by geologists, we shall be limited to draw- 
ing conclusions from the forms of the surface. In studying surface features we must 
admit as evidence only actual measurements of height and position ; the artistic con- 
ventions entered upon maps must be excluded from consideration. In the drawing 
of maps on small scales each range must be traced by its peaks, not by its rivers. 

If we plot on a chart aU the highest points of a region, we find that they align them- 
selves in narrow zones. This is how the frontispiece of Part I was prepared. The 
points of maximum altitude were plotted, and lines drawn through them, the higher 
the points the thicker the lines were made. Until geologists prove our assumptions 
ix) be wrong, the lines of this frontispiece will be taken to represent the axes of 
ranges. 



* Komaiin and British Garhwal Survey, Scale 1 inch* i mile. 
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THE HODGSONIAN CONTROVERSY. 

In 1849 Brian Hodgson, the celebrated naturalist, who was then the political resident 

in Nepal, advanced a theory, which has had great influence 
upon map-makers, and which is illustrated in chart xn. 
The great Himalayan peaks, he maintained, did not stand on a range of moimtains, but 
on spurs projecting from the Tibetan range behind. Mr. Hodgson devised his theory 
to account for two phenomena, viz., {%) that the great peaks are not standing on a main 
water-parting between India and Tibet, {it) that the Himalayan rivers tend to converge 
inside the hills instead of flowing at right angles to the high mountains in a great number 
of parallel courses. 

**We are led irresistibly to enquire," wrote Mr. Hodgson,* '* why the numerous 
" large feeders of the rivers, instead of urging their impetuous way from the snows to 
" the plains by independent courses, are brought together upon or near the verge of the 
*^ plains : how unity is effected among them despite the interminable maze of ridges they 
*^ traverse, and despite the straight downward impulse given them at their sources. 
" I answer, it is because of the superior elevation of the lateral barriers of these river- 
" basins, between which there are synclinal slopes of such decided preponderance, that 
'* they overrule the efEect of all other inequalities of surface, how vast soever the latter 
"may sometimes be." 

* * It wiU be seen by the map ^chart xii) that these lateral barriers of the river-basins 
" are crowned by the pre-eminent Himalayan peaks, that the peaks themselves have a 
'' forward position in respect to the ghat line or great longitudinal watershed between 
" Tibet and India, and that from these stupendous peaks, ridges are sent forth 
"southwards proportionally immense." 

Mr. Hodgson's views were supported by Sir Joseph Hooker. **The snowy 
"mountains seen from the southward," wrote the latter ,t "are not on the axis of a 
"mountain chain, and do not even indicate its position, but they are lofty 
"meridional spurs projecting southwards." 

"• I have always said," again wrote Sir Joseph Hooker, " that the Sikkim Hima- 
" laya (I mean the snowed mountains) do not form a continuous snowed chain running 
** east and west, but that they are meridional ridges running north and south, separated 
*• by waters that flow southerly between them."t 

Mr. Hodgson's arguments can be answered as follows : — the great Himalayan peaks 
are not connected by spurs with the Tibetan range, but are separated from it by troughs ; 



♦ Journal, Asiatic Society of Bengal, Vol. XVIII, 1849. 

t Himalayan Journals, Vol. II, page 298. 

} Journal, Boyal Oeographical Society , Vol. XX, 1851. 



THE PRINCIPAL MOUNTAIN RANGES OF ASIA. 61 

the great peaks are not limited to the ridges between river-basins as drawn by Mr. Hodgson, 
but stand in a long line which intersects the basins ; the Himalayan rivers have not 
been forced to converge by lofty lateral spm*s, but by the recent upheavals of the outer 
parallel ranges, which have barred the paths of rivers and forced them to combine 
within the hills. 

Mr. Hodgson made the mistake of assuming that the main line of water-parting 
Undue importance attributed to between India and Tibet must be the main range; in 

water-partings. p^^^ jjj ^j ^^^ ^^^^^ j^ ^^j ^^ ^^^^^ ^j^^^ ^^ ^j^^j^ 

range forms this water-parting and that in parts of Tibet the latter even crosses fiat plains. 

The great Himalayan range has been cut through in places by rivers rising behind 
it ; the rivers were regarded by Hodgson as the fundamental features of the topography 
and the isolated blocks, into which they had cut the great range, were incorrectly 
assumed to be spurs of the range behind. 

The highest peaks of the Himalaya stand not on spurs but in the crest-zone of a 
great range ; this is the primary fact of structure. The range resembles a crocodile's 
back ; it is a wide flat arch, with relatively sUght prominences, called peaks, and it has no 
sharply edged crest-line. The highest peaks aU fall within a narrow zone running 
throughout the length of the crocodile. Glaciers have cut back between the peaks, and 
created a serpentine water-parting line along the zone. Many of the great peaks stand 
actually on the water-parting and many stand ofE it on either side : but whether they are 
on the water-parting line or not, they are all situated in the crest-zone of the range. 

The great Himalayan range is not the water-parting between India and Tibet : 
streams that flow down the northern slopes of Mount Everest eventually find a passage 
through a gorge in the range, and join the streams that have their sources on the 
southern slopes : though this fact prevents the great range from being a continental 
water-parting, it does not prevent it from being a regional water-parting. 

The range which stands behind the great Himalaya, and which was regarded by 
Hodgson as the Indo-Tibet water-parting, is only a regional water-parting : it separates 
the streams which fiow into the Ganges of Bengal from those which fiow into the Brah- 
maputra of Tibet. But the Brahmaputra and Ganges eventually unite in India, and 
the water-parting between their upper feeders is no more entitled to be called the water- 
parting between India and Tibet than the great Himalayan range is. 

A range is a wrinkle of the Earth's crust, a water-parting is a line carved by 
rivers, and though the two coincide during the youth of mountains, they begin to 
separate when rivers cut the mountains to pieces. 

Sir Clements Markham wrote: **A range of mountains is a ridge of elevated land 
running in one general direction, and the fact of its being cut through by one or more 
rivers does not alter its character and convert it into a series of spurs/'* 



4i 



• Clementa R. Varkham on tJie Himalayan System in the Oeographical Magazine, Volume IV, 1877. 
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Longitudinal troughs separate the Himalayan and Tibetan ranges : and the great 

Hodgson generaUsed from an excep. peaks of Everest, Makalu, Gk)sainthan and Dhaulagiri 

tionai case. ^^^ ^^^ Connected by cross-ridges with the range behind 

them; but Einchinjunga is. Kinchinjunga stands at a point where the Himalayan 
range assumes an exceptional form, and Kinchinjunga being near to Darjeeling is 
the peak that Mr. Hodgson knew best, — ^perhaps the only great peak he had closely 
observed. 

A ridge, well known from the Himalayan Journals of Hooker as the SingaUla 
ridge, runs from Tibet through Kinchinjunga southwards to the plains of India, and 
at right angles to the great range. ''^ This ridge is an extraordinary feature of Hima- 
layan topography ; its crest follows a straight Une from Tibet to Bengal ; the descent 
from the snows to the plains is almost continuous. In Southern Sikldm this ridge is 
a more marked feature than any continuous snowy range. It is probable that 
Mr. Hodgson generalised from the Singalila ridge and from Kinchinjunga, and in so 
doing he generalised from exceptions.f 

Mr. Hodgson's theory of Himalayan configuration still finds supporters, audit has 
r..^ . r « ^ . .,- heen even applied by subsequent writers to other ranees 

Extensions of Hodgson s theory. j. x ^ j. c? 

than the Himalaya. Almost all existing small scale 
maps of Tibet continue to represent the great peaks of the Himalaya as standing on 
spurs of a hinder range, and it is common to read in geographical works that the 
highest altitudes of the Karakoram and of the Hindu Kush are to be found not on 
main ranges but on lateral spurs. | 

The Himalaya have been compared to the Alps, and it has been said that in neither 
th th Ai region do the highest peaks stand on the water-parting 

line. But we doubt whether any such comparison is 
possible. Though many of the high peaks of the Alps may not stand upon what 
is called the main chain, yet they are all situated within the crest-zone of the range. 



♦ See North-Eastem Trans-frontier sheet. No. 7 N.W., Scale 1 inch=4 miles. It has been argued that the name Singa- 
lila was coined by Hooker, and that no such native name exists. The name has, however, been widely used by geographers 
following Hooker, and it cannot be abandoned now. 

t The transverse ridge of Singalila, separating the basins of the Tista and Kosi, is not a solitary exception, for the Xar- 
kanda ridge separating the basins of the Sutlej and Jumna, and the Chola ridge, separating the Tista and Raidak, though 
smaller, are similar. Singalila and Chola are perpendicular to the great range, but Xarkanda is oblique. No such con- 
tinuous ridge separates the basins of the Ganges and Kali, or those of the Ganges and Jumna : the river-basins of the Punja b 
Himalaya are separated by oblique ranges. 

J The following is an extract from the narrative of the Survey of Kumaun, vide General Report of the Survey of India. 
1877-78 :— 

" The features of the Nilang valley correspond with the general physical geography of this belt of the Himalaya as 
observed in other valleys : the main watershed being as a rule lower and the slopes about it easier than the southern and 
more interrupted range, on which the highest groups of snowy peaks occur. The snowy range is, projierly speaking, not a 
continuous rapge but a series of enormous spurs which everywhere dominate the parent ridge, the Indian watershed." 

The following extract is taken from Among the Himalayas by Colonel L. A. Waddell, C.B.. C.I.E., 1900 : — 

" It was now evident that the Everest range like that of Kinchinjunga seemed off the main axis of the Himalaya and 
the margin of the great Tibetan plateau, and appeared as a spur and at right angles to that axis.'' 

The following extract is taken from the Sand-huried ruins of Khotan by Dr. M. A. Stein, 1904 : — 

" The great peak was entirely separated," (from the Kuen Lim), *' an interesting observation fully in accord with the 
orography of the Karakoram and Hindu Kush. There it has long ago been remarked, thai the points of greatest elevation 
are not to be found on the actual watershed but on secondarv spurs detached from it. ' ' 
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The case of Mount Everest is quite different: here there are two parallel ranges 
sixty miles apart, separated by a deep trough; Mount Everest stands on the one, 
whilst the water-parting is situated on the other. The Alpine peaks and the 
Alpine water-parting are at any rate upon the same range, but the Himalayan peaks 
and Himalayan water-parting are not. 



M 



64 THE PRINCIPAL MOUNTAIN RANGES OP ASIA. 



12 



THE HIGH PLATEAUX OF ASIA. 

The frontispiece of Part I illustrates the position and dimensions of the three high 
The horae-shoc plateaux of Asia. The plateau of Tibet with an average 

height of 15000 feet is joined at its north-western 
corner to the Pamir plateau, height 12000 feet, and this again is connected by moun- 
tains with the Tian Shan plateau, height 1 1000 feet. The three plateaux together 
assume roughly the shape of a horse-shoe. 

The want of parallelism between the Tian Shan and Tibet ranges has been supposed 
to indicate a difference of origin, of age and of elevating force. But no such conclusion 
is justified from the scanty existing data, and we must for the present regard the three 
plateaux as one mass. It is not safe to draw too positive conclusions from the direc- 
tions of ranges, or to assume that a compressing force must have acted in a direction 
exactly at right angles to the range it has raised ; the heterogeneity of the crust may 
have had an important influence in determining the course of a range. If a portion 
of the crust, advancing under pressure, meets with hard resistant subterranean 
masses, the course of the wrinkle will be deflected. Such a mass underlying the Punjab 
seems to have barred the southward advance of the Himalayan canges on the west, 
to have forced the Tibet ranges to converge and to have caused the Karakoram-Hindu 
Kush range to take the form of a bow.* On the extreme west the Hindu Kush range 
does assume a significant parallelism with the Tian Shan. 

Chart IX has been drawn to illustrate the extraordinary parallelism that exists 
between the southern border of the Himalaya-Hindu Kush system of mountains on 
the one side, and the northern border of the ancient mass of rock forming Peninsular 
India on the other. 

The interior of the horse-shoe formed by the plateaux is an inland desert basin 
{vide chart xxii) drained by the Tarim river and its feeders;! the sand of this 
basin is annually accumulating, and Sven Hedin found towns buried beneath it. 
The lowest part is the lagoon of Lob Nor (height 2200 feet), and though there is no 
mountain range closing it on the east, its mouth here is narrow and the desert of 
Gobi beyond has a superior elevation of nearly 2000 feet. On the north and west 
and south it is boimded by decomposing mountains, and no other portion of the 
earth has so gloomy a future. Unless geological changes ensue, the sand will continue 
to accumulate, until the lagoon of Lob Nor and the rivers of Tarim are choked. 

We believe that the plateaux of Asia have been elevated by a horizontal pressure 
in the crust, and that this has continued to act in a meridional direction through long 
periods down to the present time. The wrinkling of the crust has taken many forms. 



* The pendulum obeeryations^have revealed the jiresence of a mass of great density underlying the plains of the Punjab, 
t Boy &1 Geographical Society's map in Holdich*8 Tibet the MyMterious, 
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Firstly, there are the great plateaux themselves ; secondly, the surfaces of the 
plateaux have been wrinkled into ranges ; and thirdly, the surfaces of the ranges have 
been corrugated into smaller folds. 

The ranges are composed of consolidated rock, but the flat portions of the plateaux, — 

the only portions in fact which can be described as table- 
The flat portions of the plateaux. lands,"^ — are troughs between ranges, which have now 

become filled up with loose debris and boulders, gravel, 
sand and mud washed down from the mountains and arranged in level layers by water. 
Ranges vary in breadth, in places bulging towards one another, in places receding 
from one another, and the intervening troughs and fiat plains become alternately 
narrower and wider. 

The immense extent of the existing alluvium," wrote Henry Strachey,t " and 
the imif ormity of its maximum elevation lead me to infer that it must have been 
deposited imder a general sea covering the whole country, and not by lakes, much 
less by rivers." 

Henry Strachey thought that the alluvium had been deposited at the bottom 
of an ocean and afterwards upheaved to its present height without the horizontality 
of its layers being disturbed. 

From fossil bones found at a height of 17000 feet in Tibet, Colonel Godwin-Austen 
drew the conclusion that in recent times the climate which is now arctic must have 
been sufficiently warm to enable the rhinoceros and other tropical animals to live. 
" The only rational solution," he wrote, " which science could suggest, was that 
'' within a comparatively modem period, closely trenching upon the time when man 
'' made his appearance upon the face of the earth, the Himalaya has been thrown up 
"by an increment approaching 8000 or 10000 feet." 

It is possible that the action of wind has helped to fill up the high-level basins 
of the plateaux with loess : this was the suggestion of Baron Von Richthofen. Those 
of us who have Uved in the plains of northern India can testify to the enormous 
amount of dust carried annually by wind into the mountains. The finer particles of 
dust are Ufted to very high altitudes and are probably transported for hundreds of 
miles. 

Wind may also help to distribute the dust that arises from the decomposing rocks 
of the plateaux themselves. These rocks are exposed by day to great heat from the 
direct rays of the sun, and by night to arctic temperatures ; and their surfaces rapidly 
disintegrate under the infiuence of these changes. 

The presence of boulders and gravel proves that the alluvium cannot be wholly 
attributed to the action of wind, and Sir Martin Conway thinks that mud avalanches 
have fiUed up the valleys. " Mud avalanches, I maintain, have done all this work 
" of filling up the valleys, and done it too with great rapidity." J 

* Volleys filled to a high level with debris are however not strictly speaking " table-lands.'* 

t Journal, Royal Otographieal Socitty, Volume XXIII, 1853. 

X Exploration in the Miutagh Mountains, by W. M. Conway fa the Otographieal Journal, Vol II, 1893. 

M 2 
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The Tibet plateau. 

The mountainous area of Tibet extends from the foot of the Siwalik range on 
the south to the foot of the Kuen Lun range on the north : the alluvial deposits have 
been washed by rivers out of the greater number of troughs south of the Ladak range 
and north of the Kuen Lun range, and the principal Tibetan table-lands lie between 
these two ranges (see frontispiece to Part I). There are however rock basins on the 
Indian side of the Ladak range that are still filled with alluvium, of which the 
plains of Nan Khorsam and the vaUeys of Kashmir, Nepal and Dingri and the several 
'*duns ", enclosed by the Siwalik range, are the principal. The extensive plateau 
of Tsaidam lies north of the Kuen Lun.* 

From west to east the Tibet plateau extends from the Karakoram mountains 
to the Kansu and Ssuchuan provinces of China. Southern Tibet consists of troughs 
drained by the rivers of India, — the Sutlej, the Brahmaputra, the Arun and others. 
Western Tibet has been compressed between north and south, and its central 
range, the Karakoram, is the highest. Northern, north-eastern and central Tibet 
form a table-land which contains vast numbers of lakes. South-eastern Tibet is a 
rugged mountainous country, and not a table-land : its elevated mass has been cut 
up by the rivers of China and Burma and is intersected by deep ravines. Tibet is 
wooded in its south-eastern portion only. 

On all sides of the Tibet plateau rivers are cutting back into it by head erosion 
and the high level alluvial plains are only found intact in those portions which have 
not as yet been reached by feeders of the oceans. On the north and south and west 
the great rivers are confined to a few thoroughly drained troughs, and they can only 
expand their drainage areas now, if their upper feeders succeed in cutting back through 
the ranges of solid rock bounding the troughs. But on the east the rivers of China 
rise in the wide troughs of central Tibet and have before them the comparatively 
easy task of cutting back westwards into the soft alluvium, and of capturing for their 
basins long zones of the undrained portions of the plateau. 

The portions of Tibet drained by the Brahmaputra, the Sutlej, the Indus and 

the Yarkand rivers are fairly well-known, and chart xxii 

The unexplored portions of Tibet r . t ^ i i j . i i ^ • i, 

snows that explorers nave crossed the plateau m all 
directions. Nevertheless large areas are still terrcB incognitce. Sven Hedin has 
given us maps of northern Tibet, Prejevalsky of north-eastern, and Deasy of north- 
western ; but we do not as yet know the positions and heights of the ranges and 
lakes in the centre of the plateau, nor the westernmost limits of the drainage basins 
of the Yangtze, Mekong and Salween (frontispiece to Part I). 

The narratives of explorers have led us to believe that the interior of Tibet con- 
sists of alternate ranges and troughs running east and west, the troughs being partly 
filled up with alluvium, and containing long series of lakes. 



* Royal Geographioal Sooiety's map pabliahed in Holdioh's Tibet the Mysterious. 
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In western Tibet the lakes are mostly diy, and flat plains occupy the spaces 
-^ , . ^ _^ _.- , between the mountains. Of these lofty plains the 

1116 plAtns of wuteru TiDeL '^ 

following are the best known: — 

Ares in Height in 

square miles. feet. 

NariKhorsam 800 15000 

LingriThang 1000 17000 

AksaiChin 1200 16500 

Dapsang 500 17500 

Deoeai 600 12500 

These plains hold no water now ; Nari Khorsam has long been dry, and having be- 
come part of the ba^in of the Sutlej is now intersected by the deep canyon of that river.* 

The plains of Tsaidam consist of salt-wastes and swamps, and form the surface of 

the great high-level area, which projects from north- 
eastern Tibet, and separates the Tarim basin from the 
desert of Gobi (frontispiece to Part I). They are situated north of the Kuen Lun 
range and are consequently not always regarded as part of the Tibet plateau itself. 
They however belong to the Tibet mountain system, and their exclusion from the 
plateau is a mere question of definition. 

According to Prejevalsky their surface is 1700 feet lower than the level of the 
water in Koko Nor (height 10700 feet), the principal lake of north-eastern Tibet. 
The mean height of Tsaidam is consequently about 6000 feet less than that of Tibet. 

Prejevalsky described the Tsaidam country as a salt marsh covered with high 
reeds. Its morasses, he said, were so thickly impregnated with salt as to be encrusted 
with a layer in some places half an inch to an inch in thickness. The plains of Tsaidam, 
he thought, were in recent geological times the bed of a large lake.f 

Sven Hedin writes that the streams of Tsaidam die away in the sand and that 
the central parts of the basin are occupied by extensive marshes. j: 

The mountains of China are the eastern terminations of the Tibet plateau, and 

belong to the same system of ranges as the Himalaya, 
the Kuen Lun, and the Karakoram. The provinces of 
Ohina, that embrace the mountainous area, are Kansu on the north and Ssuchuan on 
the south. Kansu is in the basin of the Hoang Ho, Ssuchuan in that of the Yangtze, 
the water-parting between the two being of great altitude. The aridity of Tibet gives 
place in Kansu and Ssuchuan to a damp climate, and Prejevalsky found that a great 
increase of moisture occurs in north-east Tibet immediately east of Koko Nor.§ 

* Nari Khorsam was described in Henry Strachey's paper — Journal, Royal Qtographtcal Society, Volume XXIU, 1853 : 
also in Memoirs, Oeologieal Survey of India, Volume XXIlt, 1891. 

t N. Prejevalsky : Mongolia, Volume 11, 1876. 

X Sven Hedin : Through Asia. 

§ The word Nor means Lake ; if then we speak of ' Lake Koko Nor * either the word Lake or the word Nor is redundant, 
for both have the same meaning. On the other hand the description ' Lake Koko ' would not suffice, and *' Koko Nor * would 
be defective in a popular account. We are therefore of opinion that at the present stage of Tibetan Geography it is desirable 
to accept the form * Lake Koko Nor. * In the same way we cannot avoid speaking of the *' Lake of Sir-i-Kul * though Kul 
means Lake : the * Lake of Sir * would be insufficient. In England we have the case of Winder-mere and Derwent-water 
which are frequently spoken of as Lake Winder-mere and Lake Derwent-water. Geographical names, which include both 
a native word and its English equivalent, such as Lake Koko Nor or Lake Sir-i-Kul, should never be used upofi maps : in 
cases, where the native word for lake, or river or pass, has come to be an essential part of the native geographical name, a» 
in Koko Nor and Sir-i-Kul, it is advisable in the preparation of maps to adopt the native name without any modification 
<or addition. 
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The Tian Slum plateau.* 

The Tian Shan consists of several ranges crowning a plateau, with alluvial plains 
in the intervening troughs. The main mass of the plateau south of Issik Kul is 160 
miles wide, and 11000 feet high ; the ranges separating the alluvial basins rise to 16000 
feet. 

The essential difference between the plateaux of Tian Shan and Tibet is that the 
ranges of the former tend to run in two directions at right angles to one another, whilst 
those of the latter take but one direction and are generally parallel. ^^ The two 
main directions of mountains in the Tian Shan, "writes Prince Kropotkin," are south- 
west to north-east (that is, parallel to the fringe of the great plateau of East Asia) and 
^* south-east to north-west which direction is taken by several ranges shooting off the 
Tian Shan. The former is the oldest ; the mountains following it have been lifted 
up during the palaeozoic period, while the other line of upheavals was relatively mod- 
em and attained its greatest force during the tertiary and post- tertiary periods, "f 



it 






The Pamir plateau. 

The Pamir mass (see frontispiece to Part I) is enclosed in the rectangle formed by the 
Hindu Kush, the Kashgar and Trans Alai ranges ; it is the water-parting between two 
inland systems of drainage,^ one of which ends in the sea of Aral, the other in the 
lagoons of Lob Nor. Its elevated plains, like those of Tibet and Tian Shan, consist of 
horizontal accumulations of gravel deposited in rocky troughs. 

The ranges enclosing the alluvial troughs of Tibet are parallel to one another, and 
, ^^ „ . , ^ those of the Tian Shan are according to Eropotkin mutu- 

The structure of the Pamir plateau. . . 

ally perpendicular ; the directions of the Pamir ranges have 
not yet been determined. We do not know how the Eashgar and Sarikol ranges connect 
with the Tian Shan (see frontispiece to Part I), nor how the crustal folds of the Pamir 
plateau trend west of the Sarikol range. We can form some idea as to the direction 
of the force which elevated Tibet and the Tian Shan into wrinkles, but the Pamir 
presents a more difficult problem, which cannot be solved from existing data. 

Humboldt's conception of the Pamir was a great meridional range connecting the 
Tibetan and Tian Shan systems, and this view was supported subsequently by Hayward : 
but Severtsoff and Fedchenko contended that the fundamental mass of the Pamir plateau 
was a series of parallel ranges running from east to west. From the plains of Kashgar 
Hayward saw a snowy range on the east of the Pamir running north and south : 
Fedchenko argued that this so-called range consisted only of the ends of the parallel 
ranges which were running east and west. 



* See The Central Tian-Shan Mountains, 1905, by Merzbacher. An excellent account of the Tian Shan plateau was 
given by ElUworth Huntington in the Geographical Journal for January 1905. 



t OeographiealJoumal, Vol. XXIU, 1904. 

I Northern Trans -frontier Sheet No. 2 : scale 1 inchssg milea. 
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We know now that two ranges, the Eashgar and the Sarikol, separated by a high 
level trough, do trend not exactly meridionally but from north-west to south-east, and 
these ranges form the eastern portion of the Pamir mass. 

The frontispiece to Part I shows these ranges to be connected with the north-western 
ranges of Tibet. That the Kashgar range is a continuation of the Euen Lun is considered 
certain, but the connection of the Sarikol range on the chart with the Aghil is nothing 
more than conjecture. We cannot even conjecture how the Kashgar and Sarikol ranges 
are connected with the Tian Shan. 

As to the structure of the Pamir mass west of the Sarikol range, there undoubtedly 
exists a series of parallel valleys running east and west and separated by mountain chains. 
But we do not know whether these east and west chains are real original ranges wrinkled 
at right angles to the Sarikol and Kashgar ranges, or whether they are long spurs of the 
Sarikol range carved by water. If the latter view is correct then the whole Pamir plateau 
is a broad fold of the crust sloping steeply on the east, gently on the west, and running 
north and south. Whatever may have been the direction in which the principal force of 
upheaval acted, complicated cross-pressures from different sides have probably contribut- 
ed to form the elevated mass that is now standing at the conjunction of the Tibetan and 
Tian Shan systems. 

The average elevation of the Pamir alluvial plains is 

The configuration of the Pamir 12000 feet, and that of the mountains dividing them 
pi****"- 17000 feet. 

Pamir," wrote Stoliczka, "is not a plateau at all : it is a congregation of chains."* 
We may say," wrote Sven Hedin, " that the Pamir may be grouped into two sharply 
" contrasted divisions, an eastern half which is principally a plateau land such as I have 
" described, and a western half consisting of latitudinal moimtain chains disposed parallel 
** to each other. There can be no doubt that at one period the entire region was strictly a 
** plateau and that it is being rapidly broken down by the agency of erosion, "f 

*' The meridional range," wrote Colonel Wahab, " forms the eastern boimdary of the 
" Pamir plateau ; that range and the Hindu Kush are the dominating features of the 
" region ; the trend of the several ranges which are being carved out of the original plateau 
^' is parallel to the Hindu Kush. There is nothing on the west that can be called a 
" meridional chain, though the course of the Oxus is deflected in that direction by a great 
" spur thrown out from the Hindu Kush north of Tirich Mir."t 

** Beyond the fact," wrote Lord Curzon, " that the general elevation of the Pamir 
" valleys is from 12000 to 14000 feet, and that they are consequently at a higher level than 
" the surrounding countries, there is nothing in their superficial character in the least 
** degree calculated to suggest a table-land or plateau, which I take to mean a broad 
" stretch of flat and elevated land, surrounded, may be, and even interspersed, but not 
*^ positively broken up, with moimtain masses. Nor can anything less like a down or a 



it 



* Siiess : Das antlitz der Erde. 

t Sven Hedin: Through Asia, page 185. 

} Extract from a letter. 
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*' steppe be conceived than the troughs or valleys, of no great width, shelving down- 
'* wards to a river-bed or lake, and uniformly framed on either hand by mountains, 
" whose heads are perpetually covered with snow, which anybody who has been to the 
** Pamirs wiU at once recognize as a fair description of those regions. In reality, over 
the entire region embraced by the title, it has been calculated that the plains or valleys 
constitute less than one-tenth of the total area. Correctly described, a Pamir in theory, 
and each Pamir in fact, is therefore neither a plain, nor a down, nor a steppe, nor a 
plateau, but a mountain valley of glacial formation, differing only from the adjacent or 
other mountain valleys in its superior altitude, and in the greater degree to which its 
trough has been filled up by glacial detritus and alluvium, and has thereby 
approximated in appearance to a plain owing to the inability of the central stream to 
* * scour for itself a deeper channel. ' ' * 

Lord Curzon enumerates eight Pamirs or alluvial plains : — 

(i) The Taghdumbash Pamir lies in the basin of the Tarim, and north-east of the 

Eilik pass ; it is 60 miles long and from one to five miles broad ; it is drained 

by the Tashkurgan, a feeder of the Yarkand river, 
(ii) The Wakhan Pamir extends for 20 miles along the northern bank of the Wak- 

han affluent of the Oxus. 
(iii) The Little Pamir encloses lake Chakmaktin and follows the Aksu affluent of 

^the Oxus for 60 miles. It is a long grassy plain varying from one to four 

miles in breadth, 
(iv) The Great Pamir encloses the lake of Sir-i-Kul ; it is 80 miles long and varies 

in width from one to six miles ; it is in the basin of the Oxus. 
( v) The Alichur Pamir lies north of the Great Pamir and is in the basin of the 

Oxus. It contains the lake of Yeshil Eul. 
(vi) The Sarez Pamir is north of the Alichur Pamir and in the basin of the Oxus. 
(vii) The Rang Kul Pamir containing the lake of that name lies north-east of the 

Sarez Pamir ; it possesses no drainage outlet, 
(viii) The Khargosh Pamir is north of the Sarez Pamir and encloses the great 

Kara Eul lake ; it possesses no drainage outlet. 



• QtogfwpkieaL Journal, VoL VIII, 1896. 
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THE PRINCIPAL MOUNTAIN RANGES OF ASIA. 

The plateaux have been wrinkled into ranges, and the intervening troughs have been 
filled with debris and their surfaces levelled by the action of water : one of the first tasks 
now confronting geographers and geologists is the investigation of the ranges, — the 
determination of their positions, heights and trends. 

Although large prrtions of the earth's surface have been surveyed and examined^ 
the origin of mountains is not as yet understood ; various explanations have been offer- 
ed but Donc has been generally accepted. Geologists and physicists and mathemati- 
cians differ in their views, and the problems arising from the wrinkling of the earth's 
surface must still be regarded as unsolved. Complete surv-^eys of the Himalaya will 
afford valuable data, provided we realise at the outset the questions involved. Wo 
nmst not confuse ranges and ridges; ranges, however modified by denudation, are 
features of original stnicture ; rvlges are the results of erosion only. Bangcs, as their 
name denotes, must possess length, and an elevated ring or dome or compact masa 
could not be called a range. But though length is an essential feature of a true 
range, a long line of mountains is not necessarily a range, for it may have been carved 
by rain and rivers out of an older and larger mass. 

Surveyors and geologists will have to determine in the field how the several Tibetan 
ranges run, and whether they are connected by cross-ranges or not; they will have 
to discover to what extcsnt the form and structure of the Himalaya resemble those 
of the Andes and Alps ; they will have to enter upon the investigation with open minds, 
and endeavour to learn, without preconception or bias, how the Tibetan and Himalayan 
ranges have been upraised. 

The ranges of C3ntral Asia appear all to belong to one great system, and to have 
no separate existence apart from that system, and no investigations are likely to be 
profitable that leave out of account the relations of the ranges to one another. "The 
"phj^ical unity," wrote Richard Strachey, "of the great mass of Tibet with the 
"Himalaya range seems to me very strongly shown by the general geological 
" structure." The parallelism of the Kailas, the Ladak, the Great and Lesser Himalaya 
and the Siwalik ranges, all of which change direction together, is evidence of inter- 
connection. 

The high ranges of Asia — ^those that are known to us — may be classified aa 
follows : — 

/• Ranges of the first magnUude, carrying many peaks above 25000 /ee^— 

(1) The Great Himalaya in Nepal. 

(2) The Karakoram. 
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//• Ranges of the second magnitude, carrying many peaks above 22000 feel — 

(1) The Great Himalaya in Kumaun. 

(2) The Hii)du Kush. 

(3) The Kuen Lun. 

(4) The Kashgar range. 

///. Ranges of ilie third WMgniiude, carrying many peaks above 19000 /erf— 

(1) The Great Himalaya in Assam. 

(2) The Great Himalaya in the Pmijab. 

(3) The Ladak range. 

(4) The Kailas range. 

(5) The Tian Shan. 

(6) The Trans Alai range. 

(7) The Zaskar rangec 

(8) The Aghil range. 

(9) The Ninchinthangla range. 

lY. Ranges of the fourth magnitude, carrying many peaks above 15000 /eei— 

(1) The Sarikol range. 

(2) The Alai range. 

(3) Eastern portion of the Pir Panjal range of the Lesser Himalaya. 

(4) Eastern portion of the Dhauladhar range of the Lesser Himalaya. 

F. Ranges of the fifth magnitude, carrying many peaks above 11000 feel — 

(1) Western portion of the Pir Panjal range of the Lesser Himalaya. 

(2) The North Kashmir range of the Lesser Himalaya. 

VI. Ranges of the sixth magnitude, carrying peaks above 7000 feet — 

(1) Western portion of the Dhauladhar range of the Lesser Himalaya. 

(2) The Nag Tibba range of the Lesser Himalaya. 

(3) The Mussooree range of the Lesser Himalaya. 

(4) The Mahabarat range of the Lesser Himalaya. 

(5) The Rattan Pir range of the Lesser Himalaya. 

YII. Range of the seventh magnitude, carrying peaks above 3000 feet — 

(1) The Siwalik range. 

It has been argued that the Great Himalaya range is the " border range " of the 
plateau of Tibet, and comparisons have been drawn with other mountainous regions in 
which the highest range forms the border. But the frontispiece to Part I shows that 
the real " border range " on the south of the mountains of Asia is not the Great Hima** 
laya but the low Siwalik. 

Our geographical knowledge is not at present sufl&ciently complete to enable us to 

^ . , show on a map all the principal ranges of High Asia, and 

Geographical knowledge moomplete. f^ ^ . . • 

breaks in the lines of the frontispiece chart have been 
introduced where information is altogether wanting. British surveyors have observed 
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the liigh peaks of the Himalaya, of the Earakoram, of the Hindu Kush, of the Ludak 
and of the Eailas ranges. Bussian surveyors have fixed the principal points of the 
Tian Shan. But observations of the Euen Lun have been limited to their western end ; 
those of the Sarikol and Eashgar ranges are deficient in accuracy and completeness^ 
and our knowledge of the Aghil range and of all the ranges of central and eastern 
Tibet is at present based not on trigonometrical determinations but on the reports of 
travellers. 

It is possible that many of our present ideas of ranges will be found in the future to 
be incorrect : geographical science when it is not advanced by sound and systematic sur- 
veys, but is dependent on the information acquired from the itineraries of explorers, 
has to make its way by zig-zags of approach, often overshooting the mark to which it is 
directed, sometimes perhaps going wrong altogether, but yet always endeavouring to 
reach its goal by successive approximations.* Until all data, that are based upon the 
writings of travellers and upon the cross-examinations of natives, have been superseded 
by the results of a rigorous survey, the geography of central, of northern and of 
eastern Tibet will have to be regarded as a preliminary approximation, which is liable 
to be largely corrected in future. 

We do not as yet know the number of great ranges that cross Tibet from west to 
east : one explorer follows a trough between two ranges and another does the same along 
a parallel line to the south, but without trigonometrical determinations of the positions 
of peaks we cannot tell if the range seen to the south by the northern traveller is 
identical with that seen to the north by the southern traveller. 

We do not know whether the Earakoram range ramifies in its eastern extension 
over central Tibet, nor how the Tibetan ranges merge into the oblique and diverging 
chains of Ssuchuan and Burma, nor how the Euen Lun range breaks up at its eastern 
extremity into the complicated network of minor ranges, described by Prejevalsky and 
Sven Hedin. 

It is certain that great parallel ranges do traverse Tibet from west to east and that 
after being compressed between Peshawar and Yarkand they tend to diverge as they 
progress eastwards. In northern Tibet Sven Hedin followed a trough running oast 
and west between two ranges for 400 miles, Wellby explored a similar trough and Nain 
Singh traversed one of great length in central Tibet. 

It is open to question whether we are justified in drawing the Eailas, the Ladak, the 

Great Himalaya and the Siwalik ranges, on the frontispiece 
of Part I, continuous throughout their whole lengths. By 
giving them an uninterrupted continuity we imply that each range is a separate 
wrinkle of the crust, raised throughout its length, not necessarily at the same time, 
but by the same series of movements. It is possible that these ranges will be found 
in places to cease and to consist in reality of two or more shorter ranges, differing perhaps 

* See General Walker's notes on his map of Torkistan, which he compiled in the office of the Trigonometrical Survey 
at Dehra Dun in 1873. 
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slightly in alignment and overlapping each other at their extremities. Observations of 
peakSy however, lead us to believe that the ranges are continuous and are not broken by 
overlaps. 

In the Great Himalayan range continuity of alignment has been almost established 
throughout. It is difiGicult certainly to trace the prolongation of the Kumaim Himalaya 
into the Pimjab, the Sutlej having cut through and destroyed all signs of the original con- 
nection (figure 4, chart xvi), but the evidence available tends to indicate that the 
Kumaun and Punjab Himalaya were once a continuous range, and there are no signs of 
the existence of any original overlap. The only overlap that we know of is one on the 
Siwalik range illustrated in figure 2 of chart xix, and this occupies such a narrow area, 
that if the range ever grows into a broad high fold, the overlap will be lifted up and 
become a mere surface feature of the crest. 

From what has been said, it will be readily understood that no complete representa- 
^ *. ^ * . « ^ t tion of the principal ranges of Asia can at present be pre- 

lat cluurt of ranges m iiart i. x x «7 x m^ 

pared. Between perfect knowledge and entire ignorance 
there lies a wide field of uncertain information derived from inferences and speculations ; 
it is not possible to omit all unverified information ; were we to do so, our chart would 
be almost a blank. For the aid of future investigators we must include theories and ideas 
which may be confirmed or may be disproved hereafter. In the descriptions of indi- 
vidual ranges, however, care has been taken to distinguish between what is known and 
what is inferred. 

Though the range-chart of Part I may be found in the future to contain errors, it 
suromarises the present position of Himalayan geography. No attempt has been made 
to show the spans of the ranges nor the numberless subsidiary ridges into which the ranges 
have been carved by water; we have merely indicated the trends of the original axes 
of elevation, and, in order to give some idea of the relative magnitudes of the ranges, we 
have thickened the alignments that carry the highest peaks, and drawn those of low 
elevation finely. 
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THE RANGES OF THE HIMALAYA. 

The ranges of the Himalaya may be classified as follows ( vide frontispiece [of 
Parti):— 

(I) The Great Himalaya, a single range rising above the limits of perpetual snow. 
(II) The Lesser Himalaya, a series of ranges closely related to the great range. 
(Ill) The Siwalik ranges, which intervene between the Lesser Himalaya and the 
{>lains. 

The Great Himalaya range. 

The Himalaya is the name applied to the intricate and complex system of moun- 
tions that forms the northern boundary of India from Afghanistan to Burma. Some 
writers have limited the name Himalaya to the mountain ranges included between 
the Indus and the Brahmaputra, but any such limitation conveys an erroneous idea 
of the physical unity of the mass. The Indus and the Brahmaputra, like the Sutlej 
and the Ganges, cut across the Himalaya through gorges, which they themselves have 
carved, and one of the problems now confronting geographers and geologists is the 
determination of the trans-Indus and trans-Brahmaputra courses of the Himalayan 
ranges. We shall not therefore be in a position to define the limits of the Himalaya, 
until the geology of their extremities has been studied. 

The Great and Lesser Himalaya and the Siwalik ranges are so closely related 

that it may perhaps be desirable to ccmmence with 
fi^Ipa^^TimaL ^'^ ^^^^ "»*» a general description of the area they cover. The outer 

zone of moimtains, which is contiguous to the plains 
of India and which contains the small Siwalik range and ihe valleys in rear of it, was 
elevated more recently than the Himalaya : the width of this zone vaiies fiom five 
to thirty miles, being narrow in those places where the Siwalik range is jammed against 
the Lesser Himalaya, and wide where open valleys intervene. 

The second zone is 40 or 50 miles broad, and is covered with mountains, that 
assume in the Punjab and Nepal the form of longitudinal ranges running generally 
parallel to the great range. In Eumaun the form is more intricate : here the peaks of 
the second zone do not appear to follow distinct alignments of maximum elevation, 
but to be scattered throughout the region and to possess everywhere a remarkable 
uniformity of height between 6000 and 10000 feet. 

The third zone is 10 miles broad, and is occupied by spurs projecting southwards 
from the great range ; a few peaks of this zone exceed 15000 feet in height. 

The fourth zone is 15 miles broad, and contains the great line of snowy peaks, 
i;he average height of which exceeds 20000 feet. With the exception of the low 
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ravines cut by rivers, the whole of this zone is situated above the limits of perpetual 
snow. To an observer on the outer hills the Lesser Himalaya appear to vary but 
slightly in altitude throughout a great area, but the Great Himalaya range to the north 
seems to rise suddenly like a wall of snow. 

The fifth zone is about 25 miles broad, and contains the troughs of rivers rising 
behind the Great Himalaya. The average height of the beds of the troughs is 14000 
feet and of the mountains intersecting them 19000 feet ; the average height of 'the 
zone is considerably less than that of the snowy zone. 

The ranges covered with perpetual snow and the highest altitudes of the Hima- 
laya occur about 90 miles from the southern limit of the mountains. 

In the charts xiv and xv eight cross-sections arc shown ; they have been drawn 
through the Himalaya at different points but always at right angles to the great range. 

The rocks of the Siwalik range are stratified and date from the latter half of the 

The of the Himaia a tertiary period ; those of the outer Himalaya are strati- 

fied also but are very much older. 

The central axis of the Great Himalayan range is composed of granite and gneiss ; 
on either side of it are to be seen immense depths of sedimentary strata, which show 
that thousands of feet of rock have been removed from the crest-line. The granite 
solidified and cooled while below the surface of the earth, and its original covering 
has been worn away by the subsequent action of seas and rivers. 

The Great Himalaya rose to be a mountain range in the same geological age 
as the mountains of Afghanistan and Baluchistan en the west and as those of Arakan 
and Manipur on the east."*" The immense depression of northern India, now filled' 
with the alluvium of the Ganges and Indus, dates from the same period as the ele- 
vation of the Himalaya ; as the latter was pressed upwards into an arch, the former 
was pressed downwards into a trough. 

Though the whole length of the Great Himalaya range belongs to one geological 
age, yet the Punjab Himalaya are supposed to have risen at a somewhat later date 
than the Nepal Himalaya. The presence at elevations of 16000 feet in the Punjab 
Himalaya of nummulites indicates that this portion of the range did not emerge from 
the sea till comparatively recently. 

The direction of the Great Himalaya range does not bend with an uniform cur- 
Biftircations. vature, but follows different alignments. As it bends from 

west to north-west it frequently bifurcates and throws off 
minor ranges on the convex side of the bends. At each bifurcation the minor range 
tends at first to continue in the alignment which the great range is forsaking ; it gra- 
dually, however, turns and finally runs parallel to the new alignment of the great range. 
For purposes of description it is convenient to divide the great range into four 

The total length of the Himalaya parts,-the Assam Himalaya, the Nepal Himalaya, the 
iUyided into four sections. Kumaun Himalaya, and the Punjab Himalaya. Whilst 



* A Manual of the Otology of India, 2nd Kdition, page 494. 
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in all four parts the great range rises like a wall and the outer ranges tend to run 
parallel to it^ no one portion of the Himalaya resembles another. In Sikkim 
the lesser and outer ranges are absent ; in Kashmir they are conspicuous ; in Eumaun 
they exist, but being oblique in their trend are not clearly marked. Sikkim is a trans- 
verse basin, Kashmir is a longitudinal basin, Eumaun is an intricate region of moun- 
tains. 

In Nepal we find numerous rivers cutting across the Great Himalaya range ; in 
the Punjab between the Sutlej and the Indus we do not find one. In Nepal the great 
peaks stand in clusters and rows ; the great peak of the Punjab stands in solitude. 

The differences between different Himalayan regions show how impossible it 
is to deduce general laws from the study of one area. 

The Assam Himalaya extend from the Brahmaputra to the Tista. Their Idgh- 
^ ^ „. , est peaks are Kulha Eangri (table v, Part I). The 

The Assam Htmalayflu '' 

axis of the range appears to trend from east to slgihtly 
south of west ; it meets the Nepal section of the range in Sikkim, and at the 
conjunction a change of alignment takes place, the great range in Nepal trending 
from east to north of west. 

At the point where the change occurs, a remarkable sinuosity in the main range 
is observable ; the lower and outer ranges moreover disappear and two long spurs 
stretch southwards to the plains, — ^the Singalila ridge from Kinchinjunga and the 
Chola ridge from Pauhunri.* It is conceivable that the change of alignment, the 
idnuosity of axis, the disappearance of the outer ranges and the two great ridges arc 
all effects of an easterly pressure from the direction of Burma along the range. 

The Nepal Himalaya stretch from the Tista to the Kali, and carry the peaks of 
Th N aiHinudA Evcrcst, Kiuchinjuuga, Makalu aud Dhaulagirf. The great 

range bends and bifurcates near Dhaulagin (see figure 1, 
chart xvi). West of Dhaulagin (26795 feet) the height of the range diminishes and 
throughout the wide basin of the Karnali the highest peaks do not rise above 22000 
feet ; near the western edge of the basin there is the Api-Nampa cluster of peaks. 

Not far from Nampa there is a second bifurcation of the great range (figure 2, 
chart xvi). At all the other Himalayan bifurcations the more northerly branch has 
been regarded as the continuation of the great range, but from Nampa the southerly 
branch, carrying Nanda Devi (25645 feet) and Badrinath (23190 feet) has been assumed 
to be the Great Himalaya, and the northerly branch carrying Kamet (25447 feet) and 
Leo Pargial (22210 feet) to be the Zaskar range.! After the Nampa bifurcation the 
southern branch is so large and carries such high peaks, that the northern is obscured 
from view from the side of India : but at all other bifurcations the northern branch 
remains the more important, and the more remarkable to Indian observers. Himalaya 
was the name given by the Hindus to the snowy range visible from India. 

* North-East TranBfrootier sheet No. 7 N. W., 1 moh=4 mile^. 

t Kamet is soTcnteen miles in rear of fiadrinath* the Vishnuganga flowing between. Atlas Sheets 05 and 65: Scale I 
incb=4 nules. 
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The Kumaun Himalaya stretch from the Kali to the Sutlej ; the highest peak 

-^ ^ „. , is Nanda Devi (26645 feet). There are biforcatioiis at Bad- 

rinath and at the Sutlej (see chart xvi). 

After the bifurcation at Nampa the width of the great range becomes lees and 
its altitude greater; after the bifurcation at Badrinath (see figure 3, chart xvi) the 
width becomes greater and the altitude less. 

The upper surface of the Kumaun Himalaya appears to be corrugated. The 
Gangotri glacier, for example, at the source of the Bhagirathi flows for 16 miles along 
a trough in the crest-zone of the great range (see chart xxiv, Part III). The mean 
altitude of its surface is 14000 feet, and there are peaks of 22000 feet on either side 
within 2 miles of it ; its trough is parallel to the axis of the great range. *** Similar 
corrugations exist in the Nepal Himalaya behind Mount Everest.f The parallelism 
of the corrugations leads us to think that they are the results of a superficial compression 
of the crust. The view of the Great Himalaya, that is obtainable from the plains 
of India or from the outer hills, conveys the impression that the snowy range 
possesses a narrow and sharply-edged crest-line, but this idea is incorrect : the summit> 
of the range is several miles broad, and the great peaks stand in a wide zone. To a 
distant observer the snowy range east of the Sutlej appears to resemble the edge of a 
saw, but its crest-zone measures 30 miles in breadth. 

The Kumaim and the Punjab Himalaya do not follow the same alignment, and 

The Punjab Himalaya. originally met at an angle; they are now separated 

by the defile of the Sutlej, which cuts across the range 
exactly at the angle. An important bifurcation occurs here (figure 4, chart xvi). 
After the bifurcation at Dhaulagiri the elevation of the range diminishes, and a 
similar diminution occurs after the bifurcation at the Sutlej. East of Dhaulagiri 
there are peaks exceeding 26000 feet, west of it but few peaks rise to 22000 feet. 
East of the Sutlej the Kedamath, Jaonli and Badrinath peaks stand above 22000 feet, 
but west of the Sutlej few peaks exceed 20000 feet. We have already seen that aSv 
a range bends, it bifurcates, and now we see that it changes its form after bifurcation. 

The characteristics of the great range are so different on the two sides of the 
Sutlej that doubts as to its original continuity have been expressed : our maps show 
one range meeting the Sutlej from the east, and two, if not three, smaller ranges 
leaving it on the west. 

The difficulty of determining he original lines of structure is increased by the 
presence of the extraordinary Narkanda-Mahasu ridge that runs diagonally 
across the Himalaya from the high snows to the low plains 4 this ridge is not cut across 
by any river, and its unbroken uniformity of descent is only equalled by that of 
Singalila. It « forms the southern boundary] of the^basin*of the ^Sutlej, and it was 



* Atlas Sheet No. 05 : 1 inoh «4 mUes. 
t Map of Nepal, 1 iiioh« 16 mileis. 

X See Atlas Sheet No. 47, wale 1 iiioh«4 miles, and Sheets of the Punjab Survey, Nos. 310 S.-E. and 311 N.-E.* 
Scale 1 inch ■ half-a-milo. 
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regarded by Mr. Fraser in 1820, by Captain Herbert in 1821, and by Captain Gerard in 
1822 as the real termination of the great Himalaya of Kumaim and Nepal. 

The bifurcating branch at Badrinath becomes the Dhauladhar range of the lesser 
Himalaya, that at the Sutlej becomes the Pir Panjal range of Kashmir. The Dhauladhar, 
the Pir Panjal, the Punjab Himalaya and the Zaskar ranges are all secondary 
undulations superposed on one flat broad arch, the span of which reaches from the 
plains of the Punjab to the Indus in Tibet. 

Near the centre of the Punjab Himalaya the range culminates in the Nun Kun 
peaks* (23410 and 23250 feet) which stand 3000 feet above the crest. 

The water-parting of the Punjab Himalaya follows an exceptionally straight line 
from the Sutlej to the Nun Kun peaks, and again from those peaks onwards, but at the 
peaks themselves it exhibits a double sinuosity, which is illustrated on chart xxxiv of 
Part III, and which is possibly a feature of original structure. North-west of the Nun 
Kun peaks the crest-zone is in places corrugated. 

The northern and southern slopes of the Punjab Himalaya are very different in 
form and character ; the northern are bare and stony, but contain lakes and high 
plains, the southern are forest-clad but are seldom level. 

In the Nepal and Kumaim Himalaya there are many river gorges piercing the 
granite range, but no river crosses the Punjab Himalaya. The Zoji pass, however, 
is a remarkable feature of the latter. This pass across the great range is only 11300 
feet high, and is consequently below the level of the troughs that lie in rear of the Nepal 
Himalaya. " Such a depression elsewhere would have been suflBciently deep to open 
** a passage for the drainage of the table-land, but the great depth of the valley further 
" north, in which the Indus flows, here gives the waters a more favourable escape in that 
" direction, "f 

Though the Zoji defile was probably carved out of the range by a pre-historic 
river, it is now a true pass, that is to say, it crosses a water-parting line, and from its 
summit streams descend in opposite directions. The descent from the Zoji is very steep 
on the side of Kashmir, but is gentle on the side of Ladak : the pass itself is grassy and 
so level for half a mile that the exact water-parting line is difficult to discover. Peaks 
rise immediately on both flanks of the pass to 14000 feet, and then gradually to 16000 
and 17000 feet. 

To the casual observer the Punjab Himalaya appear to terminate suddenly at the 
Western termination of the Great Indus in the gigantic conc of Nauga Parbat : and even 
Himalaya. trigonometrical observations have failed to indicate 

the course of the great range beyond the Indus (see chart xvii). 

Schlagintweit considered that on the western side of the Indus the Himalaya and 
Karakoram (see frontispiece to Part I) could not be separated into chains: '*they 
" form," he wrote, * ' one mountain mass, the elevation of which decreases very 
* rapidly to the westward. "J 

* Ser and Mer, vide table vi of Fart I. For an exploration of the Nun Kun group see Hunter Workman's address, 
Oeogrtpphiccd Journal, Vol. XXXI. 

t Sir Richard Strachey's Himalaya : Encyclopaedia Brilanniea, Vol. XL 
1 Journal, Aaiaiie Society of Bengal, Vol. XXVI, 1857. 
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Colonel Tanner wrote as follows of the country between the Indus and the Kunar 
(see frontispiece to Part I): — 

* * The central backbone may be described as a huge broken table-land running up into 
" wave-like ridges, which rise but a few hundred feet above the general level of the range. 
" The ridges and peaks on the central backbone are all of nearly the same height, and are 
** very similar to each other in appearance, and consequently not easy to identify from 
*' points more than a few miles apart. Fortius reason neither my surveyors nor myself 
** have been able to fix with accuracy any points on the watershed, nor the passes which 

* * lead over the range, though several have been determined approximately. It is not I 

* * only who have experienced a difficulty here, for the Great Trigonometrical Surveyors, 
" when prosecuting the Kashmir triangulation, though they have fixed peaks far away 
" even in the very heart of Kafiristan, have failed to determine more than two or three 
'* points on the entire watershed, a distance of nearly 150 miles. From the beginning of 
•' September the great ocean-like expanse of wavy ridges was snowed up."* 

At a subsequent date Colonel Tanner referred again to the same region. * ' We have 
" now obtained," he wrote,t " nearly all the topography of that remarkable region, which 
** is situated on the northern slope of its ill -defined watershed, and to the eastward a small 
** portion of the southern slope as well. It is an immense tangle of exceedingly sharp 
'^ ridges, which zigzag about in the most perplexing manner. There are himdreds of peaks 
" of nearly the same height and so like each other that after moving a few miles they cannot 
'* be recognised. One very marked feature in this range is the extraordinary number 
** of moimtain lakes or tarns, which are found as many as three or four together at the 
"sources of all the small feeders." 

Mr. Lydekker has also referred to the uniformity of elevation which prevails in the 
region north-west of the Indus. *' A remarkable feature," he wrote, "along the Indus 
"valley in Darel, for the notice of which the writer is indebted to Lieutenant-Colonel 
" Tanner, is that all the peaks over a considerable area reach to a nearly uniform height 
•• of about 21000 feet ; thus apparently leading to the conclusion that this level indicates 
'* an old plain of marine denudation, originally bordered by higher ground of which 
"the peaks of Nangi Parbat and Rakaposhi reaching to over 26000 and 25000 feet 
'" are remnants. "J 

Trigonometrical surveyors have thus not been able to trace by means of heights 
the continuation of the Great Himalayan axis beyond the Indus, and the problem 
will not be solved without a geological survey. It is possible that the range curves in 



• General Report, 8urvey'lf*f India, 1878-79. 

t general Sepori, Survey of India, 1879-80. 

The following extract is also from Colonel Tanner's Report for 1879-80 : *' When I say that I have fixed 145 hill peaks, 
** I do not wish it to be understood that the points have the accuracy of those hitherto accepted by the Qreat Trigonometci- 
** cal Survey. The apexes of some of my triangles are so acute that an error of one minute at either of the ends of the base 
** would mike an error of ten miles in the position of the point I hope however at some future time to be able to improve 
** the shape of the triangles, so that my points shall be true t3 a tentn of a mile." 

X Memoirs. Geological Survey of India, Vol. XXII, 1883. 
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parallelism to the Karakoram and Eailas ranges, and that the Indus has cut through 
it at its bend. If the bend is accompanied by a bifurcation, the same difficulty 
of identifying continuity will occur here as has occurred at the Sutlej. 

The country to the west of the Indus has not as yet been geologically 
surveyed, and we know nothing of the trend of folds between the Indus and the 
Kunar. We know, however, that in Chitral the prevailing strike of the stratified rocks 
as observed by Sir Henry McMahon is approximately from north-east to south-west,* 
whilst a similar trend has been observed by Mr. Middlemiss in all the sedimentary series 
of Hazara,t and it is therefore highly probable that a corresponding change of alignment 
occurs in the ranges of the intervening area. 

Though trigonometrical observations failed to determine the trans-Indus extension 

Eastern termination of the Great ^* *^® 8^^^* ^^^8®' *W revealed the general surface form 
HimaUya. of tJie region, but east of the Brahmaputra no observations 

have been taken ; and nothing is known at all of this extremity of the Himalaya, 

beyond the meridian of 93°4 

The southerly extension of the Ninchinthangla range shown on chart xvii is 

purely conjectural. 

The Arakan ranges running in directions paraUel to one another and perpendicular 
to the Great Himalaya appear on maps to be compressed unduly close together opposite 
the extreme point of the latter range ; north and south of this point they seem to diverge 
to a certain extent from one another. If we were to accept the maps as reliable, we 
might be led to infer that the wrinkles of the Arakan crust had been squeezed together 
by the resistance offered to them by the point of the perpendicular range : but the 
country has never been surveyed and the maps cannot be accepted ; the apparent 
crowding of the Arakan ranges against the Himalayan point must have originated in 
the imagination of a draftsman. 

Prince Kropotkin thinks that the Great Himalaya continues as a considerable 
range through Arakan into China, and that it is cut across by the Salween, the Mekong 
and the Yangtze. '* The great Khingan," he writes, "which is the eastern border range 
"of the great plateau of east Asia, joins the Himalaya, and consequently in the region 
(29° N., 117° E.) where we have on our maps fan-like chains of mountains radiating 
between the Salween, the Mekong and the Blue river, there are simply narrow gorges 
" through which these rivers descend from the plateau. "§ 

There are, however, reasons why we are unable to accept Prince Kropotkin 's 
theory : it is improbable that three extraordinary rivers, possessing long Tibetan courses, 
should develop very close parallel troughs between Tibet and Burma : we believe that 






* Qtdofgwd Magazine, Dec. IV, Vol. 9 (1902), p. 6. 

t Memoirs, Geological Survey of India, Vol. XXVI (1896). 

t General Walker thought there were no peaks higher than 16700 feet east of longitude 98*. Proceedings, Hrnfal 
Oeographical Society, 1887. 

{ Otographical Journal. Vol. XXIII, 1004. 
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the troughs in which they flow must be features of original structure : if the three 
rivers had had to force a passage through the Great Himalaya, they would have 
probably united before doing so (chart xvn). 

It may be found that near longitude 98° the Great Himalaya changes direction 
to the south-east. On the other hand it is possible that no continuous extension will 
be discovered, and that the range will be shown to end between the meridians of 96^ 
and 98°. 

If we consider the great difficulty of tracing the Himalayan connection across 
the Sutlej through a tract that is comparatively well-known, we shall realise the 
futility of theorising upon the unexplored region east of the Brahmaputra. Were 
a range to maintain similarity of form and uniformity of height on the two sides 
of a river gorge, no difficulty of identification would arise ; but rivers frequently cut 
across ranges at the very points where the ranges are undergoing change in shape, 
and destroy the ranges at the places where the differences originate. 

Chart xvn illustrates the similarities between the eastern and western termina- 
tions of the Great Himalaya. We have as yet no proof that the Ninchinthangla 
sweeps round on the east as the Karakoram does on the west, but the courses of the 
rivers in the two regions are very similar. On the north-west we have a number of 
rivers flowing parallel to the Hindu Kush and crossing the Himalayan alignment 
At right angles : there are the Indus, the Kishanganga, the Swat, the Kunar, the 
Panjshir and the Oxus. On the east we observe the same phenomenon : the Brahma- 
putra, the Salween, the Mekong and the Yangtze all cross the Himalayan alignment 
at right angles. 

On the north-west the several parallel rivers flow into the Kabul river, which 
flows from the Hindu Kush on a course parallel to the Himalaya : on the east the 
Zayul river is to the Brahmaputra what the Kabul river is to the Indus. The 
Raga tributary of the Brahmaputra in Tibet has its counterpart in the Shyok tributary 
of the Indus (charts xxx and xxxiv of Part III). 

We have now to trace the crest-zone of the Great Himalaya and to observe its 

variations in height. From the ten Himalayan groups 

The variations in the height of the ^^ peaks described in Part I and tabulated on pages 
crest of the Great Himalaya. 37 ^^^ gg^ ^^ ^^u determine the lengths of the 

Himalayan axis carrying peaks of 24000 feet and 
higher, and the lengths of axis on which no such peaks occur. 

In chart xm a longitudinal section along the crest-line of the Great Himalaya 
range, from the Indus to the Tista, has been drawn to illustrate the principal gaps in 
the line of great peaks.* In the following table are given, firsUy, the several lengths 



• We ha ye not sufficient information to justify us extending the aeotion from the TisU to the Brahmaputra. 
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of crest-line which have been observed to carry peaks exceeding 24000 feet, and, 
secondly, those lengths on which no peaks of 24000 feet have been discovered :— 







TABLE XXV. 








The elevated portions of the range. 


The depressions of the range. 


Length of conti- 
nuous crest -zone 
carrying peaks 
exceeding 24000 feet 


Length of depres- 
sions in crest-zone 
where no peaks of 
24000 feet occur. 








Miles. 


Miles. 


Kinchin junga group of peaks 
• • • • 


• • • • 

1 Passage of the Arun Kosi . 


7 

• • • • 


.... 

63 


Everest group of 
• • • • 


Xieaiws • • a • • • 

i Passage of the Bhotia Kosi . 


«; 

1 


J5 

> • • • 


• • • • 

60 


Gosainthan group 

■ • • » 


of peaks . 

Passage of the Trisuli Gandak 


« 


2 

> • • • 


• • • • 

39 


Group V * . 

• • • • 


1 
• • • • • • ■ 

Passage of the Buria Gandak . 


1 


1 

> • • • 


* • • • 

34 


Group VI* . 

• • • • 
Group VII * 

• • • • 


• • • 


• • • • 
Depression of range . . : 

• • • • 

Passage of the Kali Gandak. 


i 


10 

• • • • 

L8 

» • • • 


• • • • 

26 

• • • • 

21 


Dhaulagiri group 

• • • • 
Nanda Devi . 


• • • • • • • 

1 Depression of range . } 

1 
» • • - • • • • . 


i 


17 

1 - • • 

1 


223 

• • • • 


• • • • 
Nanga Parbat 


, Depression of range 
• • • • • • 


' 


1 • • • 

2 


470 

• • • • 

1 
1 


Aggregate length 


of crest carrying great peaks 


. 93 


• • • • 


Aggregate length 


of gaps and depressions 


• • • • • • 


936 



Ninety miles of the crest-zone of the Nepal Himalaya carry peaks exceeding 
24000 feet : the twin peaks of Nanda Devi are the only points of the Kumaun Himalaya 
that rise above 24000 feet, and the peaks of Nanga Parbat the only points of the 
Punjab Himalaya. 

If complete maps existed of the Himalaya, the whole area would be found to be 

dotted with passes : the number of passes runs into 
Passes over the Great Himalaya, thousands, and no attempt has been made in this paper 

to compile a catalogue. 

Passes do not as a rule possess any scientific interest ; they are mostly situated 
on the crests of spurs and minor ridges, and are seldom found upon the axes of the 
great ranges. We will take the cases of a few well-known passes to illustrat-e 
our meaning. The Tipta (15600 feet), for example, is a much-frequented pass 



♦ Vide page 38 of Part L 
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of eastern Nepal, but it has no geographical significance ; it is situated on the 
crest of a southern spur of the Great Himalaya, — a spur that has been carved altogether 
by water, — and it allows travellers to cross from the valley of the Tambar Kosi to 
that of the sister-river the Aran. The Rohtang pass (13000 feet, chart xxxii) and the 
Hamta (14000 feet) cross the eastern section of the Pir Panjal range between Kulu 
and Lahaul and are on the water-parting between the Beas and Chenab. The Buran 
ghati* (15121 feet) and the Shatul (15555 feet) cross the eastern section of the 
Dhauladhar range south of the Baspa. The Kamri (13250 feet) and the Burzil (13500 
feet) cross weather-worn ridges north of Kashmir. Even the Manirang (18600 feet), 
south of the Spiti basin, and the Baralacha (16047 feet), north of Lahaul, cannot be 
regarded as crossing the Great Himalaya. 

In the Nepal and Kumaun Himalaya travellers pass from India into Tibet along 
the channels of the great rivers : these channels, difficult though they are, furnish 
readier means of access than mountain paths above the snow, and passes over the range 
are consequently not necessary. The defile of a river is sometimes regarded as a * *pass," 
but when entered upon a map, the word * ' pass ' ' almost always denotes the highest 
point of a path, with an ascent to it from one side and a descent from it on the other.f 

The Bhotia Kosi and Dudh Kosi rivers (chart xxviii) rise in the Great Himalaya range 
but north of its axis, the former at the Thanglang pass (18460 feet), the latter at the 
Pangula (20000 feet). These passes are the highest points of routes connecting 
Nepal and Tibet, but they are not situated on the axis of the great range, being 30 or 
40 miles in rear of it. The rivers have cut down the axis and the passes cross only 
the northern flank of the range. Similarly the passes into Tibet from the Tista basin, 
the Kora (16900 feet), the Naku (18186 feet), the Donkia (18100 feet), are over the 
northern flank of the great range but not over the axis ; the Tista has carved a bay 
out of the range behind the axis and the passes lead over the northern edge of the 
bay. The Tang pass (15200 feet), however, near Chumalhari, at the head of the Chumbi 
valley, is a pass over the axis of the great range itself. 

The Punjab Himalaya, not having been pierced by rivers, furnishes more examples 
of passes crossing the axis than the mountains of Nepal and Kumaun. A notch in a range 
does not become a ' * pass, ' ' until it is frequented by travellers, and though notches in 
Nepal are probably as plentiful as in the Punjab, they are not used as passes. In the 
Punjab the absence of river-gorges through the range obliges men to cross the crest-line, 
if they wish to enter Tibet, and several passes, of which the Zoji (11300 feet) is the 
best known, do traverse the axis of the great range. 



« The '* Boorendo " of Gerard, 1821. 

t The English word " paoa ** denotes any narrow pasaage. The Afghan word *' Kotal " and the Tibetan word " La *' 
denote the highest point of a mountain path, with an ascent to it on one side and a descent from iv on the other. The 
topographical jymM for " pass " is only applied on maps to Kotals or Las, bat the word *' pass " has been applied also to 
long nver beds like the Khyber and Bolan 



THE PRINCIPAL MOUNTAIN RANGES OP ASIA. 85 

The Siwalik range. 

The Siwalik range separates the Himalaya mountains from the plains of India 

and is the southern border range of the Tibet moimtain 
age an con ui . system. Though its upheaval was accompanied by 

movements of the Himalayan mountains themselves, and probably by increases in 
the latter' s elevation, yet the Siwalik range is of more recent formation, and is, perhaps, 
the most recently formed range of similar magnitude on the earth. It is still in the first 
stage of growth, and it may be expected in the future to rise in altitude and to expand 
in width. 

' With the exception of a short distance of 60 miles, opposite to the basins of the 
Tista and the Raidak, the Siwalik range has been shown by geologists to skirt the 
Himalaya throughout their length with remarkable uniformity for 1600 miles, from 
the Brahmaputra to the Indus and even to the west of the Punjab. 

At the passage of the Sutlej there is a break — not a bend — in the alignment and 
the two lengths of range appear to overlap. Figure 2 of chart xix shows how the 
range north of the Sutlej is not a direct prolongation of the one to the south.* If the 
elevation of the Siwalik range continues now to increase, and at a rate sufficient to 
dam the Sutlej , the present overlap will be converted into a sinuosity of the crest-line 
and water-parting, such as is often seen on great ranges, and the present defile of the 
Sutlej will become a * ' pass. ' ' 

In places the Siwalik range is pressed against the outer Himalayan ranges, and 

its existence would be overlooked by the casual observer : 
in other places, it is separated from the Himalaya for 
distances of 20 or 50 miles and encloses canoe-shaped longitudinal valleys called 
' * duns.' *t The best known of these is the Dehra Dun, that stretches from the Ganges 
to the Junma : deposits of rounded stones, gravel and sand have been brought down 
to the Dehra Dun from the Himalaya and have raised its surface 1000 feet above 
the level of the plains beyond the Siwaliks. Other duns near Kumaun are the Kotah, 
Patli, Kothri, Chgumbi, and the Kyarda, and many exist in Nepal ; but they are not 
found north of the Ravi. 

The Siwalik range is strongly developed opposite the Dehra Dun with steep south- 
ern slopes and gentle northern : near the centre of this 
dun the range bends through an angle of 40 degrees, 
a similar bend being observable in the outer Himalayan range, 15 miles to the north. 
On the convex side of its bend, following the example of its great Himalayan neigh- 
bour, the Siwalik range threw off a branch range, remains of which are still visible 
in the hill of Nagsidh (see figure 3 of chart xix). As is a common occurrence in the 
great Himalaya, the Siwalik range is crossed by a defile at the very point of its bend.t 
Figure 1 of chart xix illustrates another bifurcation in the Siwalik range. 

• Atlas sheet No. 47, Scale 1 inch=84 milai. 

t Vide Physical Oeology of the Sub-Himalaya of Garhwal and Kumaun, by 0. S. Afiddlemiss : Memoirs, Oeologteal 
Survey of India, Vol. XXIV, 18?)0. 

t The defile is tlie Mohan pass, see Atlas sheet 48 N. E. ; also see sheets of the Dehra Dvn and Siwalik Survey. 
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The Ganges bounds the Dehra Dun on the east, and east of the Ganges the Siwalik 
range is compressed against the outer Himalaya : it is deserving of note that the Ganges 
cuts through the two ranges near their point of conjunction. 

The Siwalik range is composed of the same material, hardly consolidated, that 

forms the deposits of the level plains of northern India. 
The Siwalik zone was formerly the northernmost belt of 
the flat alluvial region : it has been compressed by lateral forces into a long fold or 
range. The folding of the Siwalik strata shows that the whole Himalaya must have 
advanced southwards.* The thickness of the strata in the Siwaliks exceeds 16000 
feet ; these immense deposits were all brought down by the Himalayan rivers and 
upheaved in recent times. The rocks of the Siwaliks are entirely of fresh-water origin 
and prove that the sea has not washed the base of the Himalaya since the eocene 
period.t 

The Siwalik range is of so recent a growth that its features are for the most part 

the direct results of crustal deformation, and are con- 
^^* °^ sequently very different from those of the outer Himalaya 

which have been mainly modelled by river erosion. 

The Siwalik range is cut across by the great rivers of the Himalaya, but no open 
mountain valleys have been developed by its own streams : the latter are mere torrents, 
and are enclosed by precipitous walls. Its ridges and spurs are narrower, more sharply 
edged and more inaccessible than those of the outer Himalaya. 

The Siwalik range is of importance because of its proximity to populated tracts, 
its wonderful continuity, and its geological interest, but from the point of view of mag- 
nitude it cannot be compared with any other range of the frontispiece to Part I ; 
the smallest ranges of the chart are the Lesser Himalaya and the Siwalik, and of these 
two the former is immensely larger than the latter. J 

The Lesser Himalaya ranges. 

The Great Himalaya and the Siwalik ranges are two long parallel folds of the earth's 
crust, — about 90 miles apart from axis to axis (charts xiv and xv). The region enclosed 
between them is occupied by the intricate system of ranges we have called the Lesser 
Himalaya and which we have briefly mentioned on page 75. If we allow for the 
widths of the Great Himalayan and Siwalik ranges themselves, the zone occupied by 
the Lesser Himalaya averages perhaps 50 miles in width. 

The contortions of the strata show that the Lesser Himalaya region has every« 
where been compressed horizontally. These moimtains are however the result not 

• A Manual of the Otology of India, 

f Presidential address by Colonel Godwin- Austen to the Geographical Section of the British Association for the 
Advancement of Science, 1883. 

{ Objection may be taken to the occasional use that has been made of the plural form Siwaliks. We have ourselves 
no liking for it, but find it diffioult to avoid. The plural form is undoubtedly in general use by residents. Similar plural 
forms are applied to many mountams, such as the Alps, AppenineSy Pyrenees. We have however avoided employing the 
form HimaiayoB in this paper. 
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of one but of many movements of the crust and their history is more complex than 
that of the SiwaUks : ranges have been uplifted, and have been afterwards forced to* 
change direction : the whole region has been subjected to successive compressions, and! 
the general wrinkling process is probably still continuing. 

In Kashmir and parts of Nepal, where outer ranges are distinct, flat alluviaF 
valleys are enclosed behind the Lesser Himalaya, like the *' duns " of the Siwalik and like- 
the plains of Tibet, but in Kumaun, though rivers may run for miles parallel to the- 
mountain axes, the longitudinal and high level alluvial valleys are absent. 

Cunningham in his work on Ladak writes : " The inferior mountains of the eastern 
^* chain generally run at right angles to its axis, whereas those of the western chain 
" are mostly disposed in subordinate parallel ranges. ' ' We do not think that this view 
is correct. Cunningham was probably borrowing his ideas of the Nepal Himalaya 
from the writings of Brian Hodgson. Though the inferior mountains of Kumaun 
and of parts of Nepal do not run so clearly parallel to the axis of the great chain, as. 
those of the Punjab, yet throughout the Lesser Himalaya the governing lines are parallel 
and the most striking characteristic is parallelism. 

If we attempt to analyse the Lesser Himalayan ranges, we find that they can be 
divided into two classes : (a) those that branch from the Great Himalaya, (6) those 
that are separate folds. The branch ranges of the first class run obliquely across- 
the mountain area ; the separate folds of the second class follow curvilinear alignments 
parallel to the great range. 

The great range bifurcates generally at the points where it is changing its align* 
ment, and each successive branch range adopts the ahgnment, which the trunk range^ 
is forsaking. Having traversed the mountain area obliquely the branches slowly^ 
alter their direction and finally rim parallel to the great range. 

We may classify the seven known ranges of the Lesser Himalaya as follows : — 

the Nag Tibba, 
the Dhauladhar, 
the Pir Panjal, 
the North Kashmir. 

These four ranges are oblique and are separate branches of the great range. 
The three outer ranges, which may or may not be different sections of one long 
range, are — 

the Mahabarat, 
the Mussooree, 
the Rattan Pir. 

The Nag Tibha range. 

The most easterly oblique range, that is known to us, branches from the Great- 

o 
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Himalaya near Dhaulagiri (figure 1 , chart xvi) and runs at first in prolongation of the 
great range's alignment. It continues in a straight line strongly developed across 
the basin of the Karnali ; it passes through Almora, Nag Tibba and the Chur,'*' and 
conjoins with the Dhauladhar range near the Bara Bangahal (chart xvni). For 
over 100 miles in Kumaun this range is without a break, and it compels the 
Alaknanda, the Pindar and the Sarju to flow parallel to it along its northern flank : the 
Alaknanda and Pindar rivers combine to pierce it north of Hard war, and the Sarju 
combines with the Kali to pierce it near the western border of Nepal. 

Twenty -four miles west of Dhaulagiri (26795 feet) the highest peak of the Nag 

Tibba range is 23750 feet : at 52 miles the highest peak is 19875 feet, at 70 miles 15000 

feet, at 96 miles 12000 feet ;t south of the Pindar river its peaks are 9000 feet. 

These figures indicate how the branch declines in height on separating from the 

trunk range, j: 

The DhauUidhar range. 

The second oblique range branches from the great range near Badnnath, and 
runs south of the Baspa tributary of the Sutlej. It is cut in two by the Sutlej at 
Rampur and by the Beas at Larji ; and it is crossed by the Ravi south-west of Chamba. 
The northern flank of the Dhauladhar range impinges against the southern flank of the 
Pir Panjal range at the mountain knot of Bara Bangahal. § The bifurcation near 
Badrinath is illustrated in figure 3, chart xvi, and the conjunction of flanks at the 
source of the Ravi in chart xviii. 

The Pir Panjal range. 

The third oblique range leaves the great range at the Sutlej (figure 4, chart xvi), 
and forms the water-parting between the Chenab on one side and the Beas and the Ravi 
on the other. It bends towards the Dhauladhar range near the source of the Ravi, and 
the clash between their flanks has created the mountain knot of Bara Bangahal (chart 
xvrc ). The Pir Panjal is the largest of all the Lesser Himalayan ranges, and even at 
its extremity in Kashmir it carries many peaks exceeding 15000 feet.|| South of Lahaul 
a considerable area rises above the snow line and numerous glaciers exist: south of 
Kashmir there are no glaciers, but in places snow lies throughout the year. 

The North Kashmir range. 
The fourth oblique range branches from the great Himalaya near the Zoji pass : 
it constitutes the water-parting between the Jhelum and Kishanganga, the latter river 
draining the angle formed by the bifurcation. Its height is greatest near the point of 



♦ The Chur is a remarkable double peak (11966 feet) twenty-five miles south-east of Simla. It is composed of granite 
and IS supported by seven buttresses. It exceads in height by 1500 feet all points within thirty miles of it. Though so 
prominent it is less high than the peaks of the I'ir Panjal range. In 1816 Captain Hodgson and Lieutenant Herbert deter- 
mmed the diflFerence of height between the two peaks of the Chur as 460 feet; the higher peak they found to be U miles 
north of the lower. Atlas Sheet No. 47. o x- .r a 

t Between Latitude 29° 10' and 29*^ 20', and longitude 82** and 81° 30/ 

J It is 17776 feet in lonftitudo 82° 30', 15000 in 82° 10', 12000 in 81° 30', and 9000 in 80° 45.' 

S Map of Kangra, J inch = 2 miles ; Atlus Sbe*»t No. 47. 

II Map of Hashmir. 1 inoh = 2 mile^. 
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bifurcation, one of its peaks, Haramukh'*' (16890 feet), reaching above the snow-line, but 
westwards it ramifies and declines. For the first 100 miles of its length it is without 
a gorge : its width exceeds 30 miles. 

The Mahabarat range. 

West of the Singalila ridge an outer parallel range, known as Mahabarat, traverses 
the basins of the Kosi and Gandak ; it is strongly marked and continues through western 
Nepal.f Immediately to the east of Singalila, however, no such range is visible, all the 
lesser ranges having disappeared from the basin of the Tista. Further to the east in 
Bhutan trigonometrical observations have disclosed the existence of an outer range 
in latitude 27 J"". 

The peaks of the Mahabarat range vary from 6000 to 8000 feet, dwindling near the 
left bank of the Kosi to 5000 feet ; throughout its length this range, though serrated like 
the edge of a saw, offers but few recognisable points to trigonometrical surveyors. 

The Mussooree range. 

Between the Ganges and Sutlej there is an outer alignment of hills, of which Sirkanda 
(9080 feet), Landour (7464 feet), Banog (7433 feet), Badraj (7320 feet), and Kasauli 
(6322 feet) form prominent points : whether this is a remnant of a more southern 
range, now almost extinct, or whether it originally formed a flank of the Nag Tibba 
range, 10 miles to the north, we are unable even to conjecture : nor can we tell at 
present, whether this so-called Mussooree range is a continuation or not of the Maha- 
barat range of Nepal. 

The line of mountains we have called the Mussooree range has barred the exit of 
the Ganges from the mountains and has forced the Bhagirathi, the Alaknanda, and the 
Navar affluents to unite in rear of it : the junction of the Tons and the Jumna is also 
due to its presence. 

The Rattan Pir. 

South of Kashmir the outermost range is known as the Rattan Pir. This range may 
be the western extremity of a long outer range, pressed near Kashmir against the Pir 
Panjal range, or it may be an old flank of the Pir Panjal range itself and not a separate 
fold. It is separated from the Pir Panjal by the river Punch. 

If the Lesser Himalaya had consisted of the oblique ranges only, the mountains 
might have terminated in the plains of India as diverging and diminishing chains — 
increasing in number and decreasing in magnitude — ^like the Hindu Kush in Afghanistan 
and the Kuen Lun in China. But one or more outer ranges seem to have been upheaved 
parallel to the great range and these appear to have pressed back the oblique ranges 
and to have formed a curvilinear wall stretching almost unbroken for 1600 miles from 
the Brahmaputra to the Indus. If the sea were now to flow over the Indo-Gangetic 
plains, the Himalayan coast would be a long wall without capes or islands. 

♦ The trigonometrical station of Haramukh is 16001 feet high and one mile north-west of the pealc 
t W© can trace it from longitude SGP, latitude 27^", through SS**, 27}° and 83*», 28« to 80P, 29t*'. 

o 2 
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If we examine chart xxm of Part III, or the drainage charts xxiv to xxxrv, 
^e find that the river basins of the Nepal Himalaya are disposed symmetrically with 
regard to the ranges, but that this is not the case in the Pnnjab Himalaya. The Hima- 
layan basins of the Tista, the Eosi, the Gandak and the Eamali are of simple and sym- 
metrical shapes, such as would be expected to result from rivers flowing down from 
a great range. But the basins of the Sutlej, the Beas, the Ravi, the Chenab and the 
Jhelum are disposed obliquely with regard to the Himalayan alignments : the axes of 
these basins are parallel to one another but inclined at an angle to the line of snow 
peaks. 

The symmetry of the Nepalese basins is due to the fact that the Lesser Himalaya 
ranges in Nepal are mainly parallel to the great range : the obliquity of the Punjab 
i)asins is due to the Lesser Himalayan ranges in the Punjab being mainly oblique. 
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THE RANGES OF SOUTHERN TIBET. 

The three principal ranges of Southern Tibet are the Zaskar, the Ladak, and the 

Kailas. 

The Zaskar range. 

The Zaskar range appears to bifurcate from the great Himalayan range near Nampa 
(see figure 2, chart xvi), but the exact position of the bifurcation is not known. 

The Zaskar range, after leaving the Great Himalaya, culminates in the peak of 
Xamet (25447 feet) : near the point of its intersection by the Sutlej the twin peaks of 
Leo Pargial (22210 feet) rise from it, and in the basin of the Spiti river it carries the 
peak of Shilla (23050 feet). Beyond the Indus-Spiti water-parting its peaks rise to 20000 
feet, but further to the north-west they do not exceed 18000 feet. 

Through the basin of the Indus the Zaskar range can be traced at intervals run- 
ning in a north-westerly direction parallel to the Great 
ts con uity. Himalaya :* the region it traverses north-west of Spiti 

is, however, occupied by complex ramifications of mountains, apparently branching 
in manv directions, and there does not seem to be any definite continuous axis to which 
•all the ridges belong. In some places the Zaskar fold can be clearly seen : in others there 
appear to be two or more close parallel folds. The continuity of the range as drawn in 
the frontispiece to Part I has not, we think, been demonstrated.t 

Sir Alexander Cunningham refers to the Zaskar range in his work on Ladak, and 
is confident from personal observation of its continuity : " It extends," he writes, " in 
" one unbroken chain through the districts of Chumurti, Rukchu, and Zaskar to the 
"junction of the Zaskar river, which rushes dark and turbulent through a vast chasm in 
" the mountains where human foot has never trod. From this it extends to the junction 
"of the Dras river with the Indus, where it is again cut through by the Dras river at a 
" narrow gorge called the Wolf's Leap ; but beyond this point it stretches in one unbroken 
'" chain to the great southward sweep of the Indus." 

The parallelism of the upper feeders of the Kali, in the beds they have carved out 

for themselves along the eastern portion of the Zaskar 
^'"^^ ^^ range, suggests the possibility of the surface of the range 

having been originally corrugated. % The Dharma, the lissar and the Kali itself 
rise in the Zaskar range and flow in long parallel troughs of the crest-zone at five-mile 
intervals : their courses are inclined to the direction of the range as though they are 
the troughs of minor folds obliquely superposed upon the main Zaskar fold. 

* Sheeta 5 and 6, Punjab map, 1 inchs=8 miles. 

t Colonel Godwin- Austen drew three parallel ranges where we have drawn the single Zaskar. (^eeJSeporf, British 
^ssoeitUion for the Advancement of Science, 1884.) He nad an intimate knowledge of the geolog}' of the regios. 

t Atia» sheet A6 N. E. 
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A great transverse spur protrudes from the Zaskar range at Kamet into the upper 

basin of the Alaknanda. For a length of 20 miles its 

Transverse ridges. ■■ •. « •i>i-i 

peaks exceed 20000 feet ; its altitude then diminishes 
to 14000 feet in 6 miles, and it is not visible south of the Dhauli at Joshimath.* It 
is this extraordinary buttress of Kamet that separates the basins of the Vishnuganga 
and Dhauli behind the great Himalayan range (chart xxiv, Part III). Its magni- 
tude and continuity suggest the idea that it is a structural fold due to cross pressure. 

The western boundary of the Spiti basin seems also to be a transverse range branch- 
ing at right angles from both sides of the Zaskar range. 

The Zaskar range, being the water-parting between the Kumaun Himalaya and 

Tibet, is crossed by a great number of well-known pass- 
es : the Lipu Lekh (16750 feet) is south of the Upper 
Karnali basin, and near the conjunction of the Zaskar and Great Himalayan ranges. 
The Manghang, Lankpya and Dharma passes are about 18000 feet, the Untadhura 
is slightly below 17600 : these passes lead to Tibet out of the basin of the Kali. The 
Kingri Bingri (18300 feet), the Balchha (17500 feet), the Shalshal (16200 feet), the 
Silikank (18000 feet) and the Niti (16500 feet) are all passes across the water-parting 
between the Dhauli affluent of the Alaknanda and Tibet, and they by no means con- 
stitute a complete list. The Mana pass (18000 feet), called also the Dhungri or Chirbitya, 
is at the head of the Saraswati affluent of the Alaknanda.f The Muling pass (height 
unknown) crosses the water-parting between the Bhagirathi and Tibet. The Gumrang 
and Sholarung passes are further west and connect the Himalayan basin of the 

Sutlej with its basin in Tibet. 

The Ladak range. 

The western portion of this range was called by Sir Alexander Cimningham the 
Kailas range, on the supposition that the peaks of Kailas rose from its easterly con- 
tinuation. But the Kailas peaks stand north of the Manasarowar lakes, and the con- 
tinuation of Cimningham's Kailas range has been found to pass south of Manasarowar 
(figure 1 of chart xxi, and frontispiece to Part I). Many writers have followed Cun- 
ningham, but Drew adopted the name " Leh " range. Godwin-Austen called it the 
"Ladak" range, because it was the principal feature of Ladak. We have accepted the 
name Ladak, and have applied it to the whole range from Assam to Baltistan. We are 
not, however, in a position to certify that a continuous range stretches in rear of the 
Great Himalayan range throughout the whole length of the latter from east to west. 

In rear of the Assam Himalaya the Ladak range is strongly developed, and forms 

The southern water-parting of the tt^ watcr-parting between the Brahmaputra of Tibet 
Brahmaputra of Tibet ^^^ ^j^^ Brahmaputra of Assam. 

North of tlie Chumalhari peak of the Great Himalaya, the Nyang river has cut 
through the Ladak range, and drains northwards into the Brahmaputra.J Westwards 

♦ Kumaun ana uarnwai Survey, 1 inch=l mile. Atlas Sheet, No. 65, 1 mch=4 miles. 

t The Saraswati is a feeder of the Vishnuganga. The names of pa«;ses are spelt in various ways, and much uncer- 
tainty prevails. 

X North-eastern Frontier Sheets, 6 N. W. and 6 S. W., 1 inch = 4 mUes. 
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from the Nyang basin, as far as Lake Manasarowar, the Ladak range is the water-part- 
ing of the Brahmaputra, and the drainage of its southern slopes passes across the Great 
Himalaya into India. The bend in the water-parting at Chumalhari, as drawn on 
charts xxiii and xxxv, is therefore due to the Nyang river : at this one point the Great 
Himalaya becomes the water-parting, and the trough to the north of it drains into the 
Brahmaputra of Tibet. 

Westwards from the Nyang basin for a distance of 200 miles, the Ladak range and 
the Great Himalaya run parallel and enclose between them the long trough of the 
Aran river, the plains of Dingri, and of Digur Thanka and the lake of Palgu,* 

In rear of the bifurcation of the Great Himalayan range at Dhaulagiri the Ladak 
range increases in elevation, and the trough separating it from the Great Himalaya 
becomes less distinct. 

Behind the Karnali basin the range is strongly developed ; it culminates south 

of Manasarowar in Gurla Mandhata. Immediately 

Continuity of the range. i>i* 11 (»i 

west of this great peak the contmuation of the range 
is not distinct-t The gap here is more difficult to explain than the gorge cut by the 
Nyang, and it is this break in continuity that mainly prevents us from stating definitely 
that the Ladak fold is continuous. To give a single name to one long range is advan- 
tageous, in that the name indicates the position maintained by the range with regard 
to other ranges. But identity of name implies identity of origin, and whether 
one long fold extends through Gurla Mandhata from the east of Tibet to the west, is a 
question that has not been finally decided. The apparent break near Gurla may have 
been a feature of original structure ; the range east of Gurla may be overlapping 
that from the west ; or a portion west of Gurla may have subsided, or have been 
deflected by recent pressures ; or the Ladak range and the range to the north may 
have expanded sympathetically at Manasarowar, and their flanks have been 
merged by pressure (figure 1, chart xxi)4 From information at present available 
it appears more correct to give one name to the whole range and thereby to imply 
continuity, than to give different names to different lengths and thereby to imply 
independence. 

When we consider what small accidents of heterogeneity or of resistance in the 
crust are sufficient to break the uniformity and continuity of a long fold, our wonder 
is that the ranges of southern Tibet, subjected as they have been to ever varying cross 
pressures, are as continuous and as uniform as they are. 

East of Manasarowar the Ladak range runs south of the Brahmaputra. and« 

except at Chumalhari, forms the water-parting : west of 
th^'iSS!^"" ""^ ^' ^'^^ '""^^ ^^ Manasarowar the range foUows the Indus, and its rela- 
tions to this river are extraordinary.§ The frontispiece to 

* Map of Nepal, 1 inches 16 miles. 

t Northern Frontier Sheet, 14 S.-W., 1 inch = 4 miles. Ryder's map of southern Tibet, Oeograph»col Journal, 
VoL XXVL 

I On chart xxi this contact between the ranges is called a conjunction : it is however a clash of flanks only and not 
a conjunction of axes : the thick lines on the chart show only the axes of the ranges and give no idea of their spans. 

f Sheets 5 and 6, Punjab map, 1 inchssS miles. 
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Part I shows how the Indus and the Ladak range are intertwined : for the first 180^ 
miles from its source the Indus flows along the trough north of the Ladak range and 
parallel to the range : near Thangra, north of Hanle, it bends at right angles, cuts across 
the range, and forsakes the trough it has been occupying. It now flows for 300 miles 
along the south flank of the Ladak range, and then, shortly before its junction with 
the Shy ok, passes back across the range to its original side. It remains on the north 
side for 100 miles and then cuts across the range for the third time.* 

At the intersection near Hanle the range is strongly developed, and that it is cut 
through there can be little doubt. On both sides of the river-gorge the core of the- 
range is found to be of granite, and the alignment is found to be the same. 

The troughs on either side of the Ladak range in Ladak are comparatively open and 
contain but small impediments to the flow of the mighty river : the behaviour of the- 
latter in cutting constant gorges through a granite range in preference to pursuing a 
straight and simple course is most eccentric. As a geographical feature it is unique.f 
We can only suppose that the Ladak range has grown, since the Indus began to flow, 
and that like a tree trunk embraced by a creeper, it has in its expansions had grooves^ 
cut across it by the river. 

But little is known of the Ladak range between the Sutlej and its intersection by 
the Indus near Hanle ; nothing is known of it east of longitude 91°, or west of longitude^ 

A great number of passes cross the Ladak range : on its north-western section 
^^ , ^ ^ south of the Indus are situated the Harpo (16785 feetL 

Passes over the Ladak range. r \ rj 

the Burgi (15697 feet), the Bunnuk. Behind Leh are the- 
Lasirmou (16900 feet), and the Laowchi or Khardung (17600 feet). 

Between Leh and the intersection of the Ladak range near Thangra by the Indus 
the principal pass is the Kay (18250 feet). Between Hanle and Manasarowar are the 
Medosi (17700 feet), the Boga (19200 feet) and the Ayi (18700 feet) : south of the lake* 
Rakas Tal are two passes over the Ladak range, height 17100 and 18200 feet : north 
of Nepal there are the Photu (15080 feet), the No (16600 feet), the Taku, the Sheru* 
(17600 feet), the Kura (17900 feet) and others, t 

The Marsemik, Dumche, and Chang passes are on the Kailas and not on the 

Ladak range. 

The Kailas range. 

The Kailas range runs parallel to the Ladak range fifty miles in rear of it (figure 1, 

chart xxi). Near Manasarowar it contains a crowded cluster of peaks, several of 

which exceed 20000 feet, and the highest of which is Kailas (22028 feet). Opposite to- 

* In the frontiflpiece of Part I the third intersection of the range by the river is drawn at Bunji near the great knee- 
bend of the Indus : the continuity of the range has, however, not been proved. It is clear that the Indus must pass some- 
whfiie in this region across the ranee to the south, but it is not certain where it does so. The return passage may occur a. 
Uttle west of longitude 76° : if that be the case, the range should have been drawn on the chart nearer to the Kiulas range, 
and the Zaskar range should have been produced across the Indus at the point on the chart where the Ladak range crosses 
it. 

t Compare, however, the intersections of the Zaskar range by the Spiti river. On chart xxxi of Part III the coune 
of the Zaskar range can be traced from its peaks of Shilla, Leo Pargial, and Kamet 

{ The names of passes are spelt in different ways, and it is not possible to say which are the correct forms. The 
Khacdung pass is described in the Marches of Hindustan by David Eraser. Ryder crossed the Kura Pass in 1904, vidt 
Geographieai Journal, Vol. XXVI, p. 383. 
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the culmination of the range in the Kailas peak, the Ladak range culminates in/ 
Gurla Mandhata ; both ranges expand at this point and their flanks come into con- 
junction. 

East of Manasarowar the Kailas range forms generally the northern rim of the 
Brahmaputra's trough : it cannot, however, be called the water-parting, as it is cut 
through in places by rivers from the north. 

East of longitude 85° the Kailas range bifurcates* (frontispiece to Part I), and 
. , . ^ ,^ ^ ., for nearly 150 miles the river Rasa (chart xxx) flows 

A branch from the Kailas range. *^ o . / 

along the trough between the two branches. 

Immediately after bifurcation the branch range is crowned by a cluster of peaks, 
many of which were found by Captain Wood to exceed 20000 feet ; peaks of 18000 feet 
have been found upon it as far east as its intersection, in longitude 87° 45', by the 
main stream of the Brahmaputra : its height diminishes near its intersection by the 
Nyang but increases again to 18000 feet further east. 

The branch range appears to conjoin with the Ladak range near Lake Yamdrok : 
this section of it was called by Ryder the Karo La range.f 

After throwing oS its branch the main Kailas range runs eastwards with peaks 
/^ ^ _*.,.«. M of 20000 feet. Trigonometrical observations show that 

Continuity of the Kailas range. ... . 

it joins with a range of Tibet, known as the Ninchin- 
thangla, in longitude 88^. After this conjunction the Kailas range itself continues to 
trend in its former alignment as far as longitude 92° and possibly further. Nothing 
is known of the Kailas range east of 92°. 

Near Manasarowar the Kailas range is strongly developed and the ranges 
to the south of it expand here in sympathy. Within one region are to be foimd the cul- 
minating peaks of four different ranges, — ^Kailas, Gurla Mandhata, Kamet and Nanda 
Devi. 

From Manasarowar the Kailas range can be traced along the north bank of the* 
Indus as far as the Pangong lakes. In longitude 80° it is intersected by the Singhgi, 
the eastern branch of the Indus. 

On reaching the Pangong lakes it appears to end in the peak of Sajum (20018 feet),. 
. , . . ^. ^ .^ but further west it can be traced again, and then forms 

A Dreaic in toe continui^. ^ 

the water-parting between the Shyok on the south and 
the Nubra on the north : the alignment from Sajum to the junction of the Nubra 
and Shyok has not been determined, and the range has been broken on the frontis- 
piece to Part I to denote uncertainty, j: It is possible that the Kailas range has clashed 
with the Ladak west of Sajum peak, and that for a short length the two ranges are 

* The Ladak range appears to bend sympathetioally opposite to the biforoation, Sheete 22 N. W. and 22 N. £., 
Northern frontier, 1 inch = 4 milee. This part of Tibet was sonreyed by Ryder in 1904, vide Sepori on airvey apera-^ 
Hona on the journey from Qyanfftee to SinUa tnd Gariok. 

t North-Eastem Frontier Sheet 6 N. E., 1 inch a 4 miles. 

t North of Leb the Kailas range is clearly marked. Sheet No. 6, Pimjab map. 1 inohssS mflea. For Sajum peak,. 
see map of Tarkistan, 1 inoh=32 nolies. 

Q 
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here welded together. It is also possible that vertical subsidences have destroyed the 
continuity of the Kailas near Pangong. 

West of the junction of the Nubra and Shy ok the Kailas range runs parallel to its 
northern neighbour the Karakoram ; the long troughs occupied by the Biafo, Hispar 
and Chogo Lungma glaciers lie between the Kailas and Karakoram ranges. 

Opposite the kneebend of the Indus near Bunji the Kailas range is crowned by 
^ , . ^. ^ , , ^ the peak of Haramosh (24270 feet).* Within nine miles 

Culmination and termination. *^ ^ ^ ^ ' ^ 

of its intersection by the Hunza river stands Rakaposhi, 
its highest peak, and it is near this point — the point of intersection and of supreme 
altitude — ^that the range begins to change its direction. After a long course from 
south-east to north-west it bends through a wide curve, and then runs from north- 
east to south-west, declining in height as it bends. West of Rakaposhi, however, its 
alignment is very difl&cult to trace ; in this region the range has been so cut to pieces 
by feeders of the Gilgit and Kunar rivers, that its present appearance resembles a 
line of detached pyramids (chart xxxiv). 

In figure 2, chart xxi, the Kailas range has been extended across the Kunar river 
at Chitral : but this prolongation is only suggested, and has not been entered upon the 
frontispiece of Part I. 

* Atlas Sheet 27 S. £.« 1 inch s= 4 miles. Northern Transfrontier Sheet 3 N. £., 1 inch s= 4 miles. Map to illus- 
trate Captain Younghusband's explorations, 1 inoh = 16 miles. 
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THE KARAKORAM AND THE HINDU KUSH. 

The Karakoram. 

The nomenclature of the mountain ranges of Asia has been the source of many^ 
difficulties. The applications of names by natives are vague and indefinite ; and a 
mountain chain may even be designated differently in neighbouring villages. In 
the study of geography the employment of names is a means to an end, and we 
should therefore endeavour to introduce as simple a nomenclature as possible. It is^ 
not necessary to retain several names for a single range ; nor is it advisable to abandon 
a name, after it has been for many years in common use upon maps, because faults 
come to be found with it. 

Moorcroft was the first western geographer to apply the name Karakoram 
to the great range of mountains, which separates the Indus and Tarim basins. Moor- 
croft was a careful observer, and he learnt the name from natives in Tibet. For 
60 years the name Karakoram was employed by geographers, and throughout the 
surveys of Kashmir and Baltistan no objections to it were raised by surveyors. 

Some 20 or 30 years ago the alternative name, Muztagh, was introduced and 
an endeavour was made to displace the name Karakoram. There was nothing^ 
to be gained by the change, and it has only resulted in confusion. By some writers 
and map-makers the name Karakoram has been retained, by others the name 
Muztagh has been accepted, and by others the two names are now given together. 

The objection raised to the old name "' Karakoram " was that it meant ^' black 
'* gravel," whereas ^' Muztagh ' ' means '^ ice mountain." The original meaning of a name 
has nothing to do with its suitability : black gravel is found on the slopes of the 
Karakoram, and Moorcroft relying on native information named the range ^^ black 
" gravel." 

The confusion caused by the introduction of the name Muztagh should be a warn- 
ing to geographers to accept accomplished facts. Now that the name Muztagh has 
come to be applied on modem maps to the Karakoram range, explorers are discover- 
ing that it is attached to every snow mountain in Chinese Turldstan. The peak Muz- 
tagh Ata is not on the Karakoram but on the Kashgar range : Sven Hedin writes of the- 
Kashgar range as the Muztagh range :* on the authority of a village headman 
Dr. Stein g^ves the name Muztagh to a peak of the Kuen Lun ;t Semenoff called the 
western portion of the Tian Shan " the Muztagh." 

Muztagh, meaning ^^ ice mountain," is in fact a description, not a name. Colonel 
Wahab writes/' Muztaghs are as common all over Central Asia as Safed Kohs on our 
' ' north-western frontier. The name Karakoram is quite established now for the moun- 
'^tain range separating the Indus and Zarafshan, and is the most suitable." 

We are of opinion that the name Muztagh should be used for the peak Muztagh 
Ata, but not as an alternative for the name Karakoram ; the latter alone should in 
future be applied to the mountain range, of which K^ is the highest summits 



* Sven Hedin : Through ^«ta, page 670. 
t M. i^. Stein : Sand^buried tw'ns of KhTtan, 
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The earth-fold. 



The Karakoram and Hindu Kush ranges of mountains are different sections of 

the same crustal fold. The fold traverses western 
Tibet from south-east to north-west, curves round 
through Hunza and Gilgit, passes north of Chitral, and enters Afghanistan in a 
-direction from north-east to south-west.* The eastern portion of the fold is known as 
the Karakoram range, the western portion as the Hindu Kush. 

The range does not change its name at any particular natural feature ; but, as 
the limits of application of the two names require to be settled for the convenience 
of geographers, it will perhaps be well, if we call the mountain chain in Tibet and 
Hunza the " Karakoram," and in Gilgit, Chitral and Afghanistan the ^' Hindu Kush." 
The water-parting between the Hunza and Gilgit rivers (charts xx and xxxiv) situated 
some ten miles east of the meridian of 74^ will then form the dividing Une.f 

In chart xx a longitudinal section of the Karakoram has been drawn to explain 

graphically the causes of the gaps in the range. This 
section has been made to follow the curved alignment 
of the Karakoram and Hindu Kush ranges. A comparison of the section against 
the groups of peaks, described in Part I, will show how the range is divided into 
blocks : the following table gives both the continuous lengths of range that carry 
peaks higher than 24000 feet, and the intervening gaps, where no such peaks exist : — 

TABLE XXVI. 



Gaps in the Karakoram range. 



The elevated portians of the range, 
carrying peaks of 24CMX) feet and 
higher. 



The depressions of the range. 



Length ol eon- Length of depres^ 

tinnons orest- sions in orest- 

■one caiTTing j zone, where no 

peaks ezoeeding peaks of 24000 

24000 feet <eet oocnr. 



No peaks of 24000 feet have been discovered on the Karakoram east of the Shyok river. 

Miles 
5 
Passage of the Nubra river 



Shyok Nubra group of peaks 

• • • • 
Group XnX . 

Group XIIIJ. 

• « • • 

Karakoram group . 

« . ■ • 
Kimjut group 

■ • • • 
Hunza-Kunji group 



Tirich Mir group 



Crest-zone carries no great peaks 

. • • • . 
Crest-zone carries no great peaks 

• • • • • 

Crest-zone carries no great peaks 

• « • • • 

Passage of the Hunza river 



{Long depression of range ^ 
containing the gorges of the C 
Gilgit and Kunar rivers . ) 



1 

. . 
13 

• • 

18 

• • 

25 

• . 

16 



26 



Miles. 

• • 

12 

• ■ 

35 

. • 

22 

. ■ 

60 

• • 

22 

• ■ 

140 

• • ■ • 



There are no peaks of 24000 feet west of the Tirich Mir group. 



Aggregate length of crest carrying great peaks . 
Aggregate length of gaps and depressions 



104 



291 



I 



• The ourratiire of its couxse is sharper than that of the great Himalaya. 

t Northern Transfrontier, Sheet No. 2 : 1 mch=8 miles. As a dividing line aoross a range* a river would be more dis- 
tinct than a water-parting. But water-nartings form the diyisionB between tribes and dialects more often than rivers, and 
je therefore perhaps the more suitable diyisions in nomenclature. 

X Vide page 40 of Part I. 
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The Shyok, Hiinza, Gilgit and Kunar rivers drain the trough behind the Kara- 
koram range ; the Nubra river rises in the Karakoram, the glacier at its source having 
-t5ut a notch in the crest-zone. 

Though the number of great peaks is less on the Karakoram than on the Great 
Himalaya, there is a greater length of high range, on which great peaks stand without 
deep intervening depressions. A length of 104 miles of the Karakoram crest carries 
great peaks against one of 93 miles of the Great Himalaya. The Karakoram rises 
as it leaves Tibet, culminates in K^, and then slowly declines : its crest does not show 
the surgings of the Great Himalaya. 

The western termination of the Karakoram is the Hindu Kush, but of its eastern 

termination we know nothing.* The peak of Aling 
Eastern esrtension of the Kara- Kangri, which Stands in Tibet near the eastern source 

koram. 

of the Indus, has been supposed to mark the continuation 

vof the Karakoram fold, but chart xx illustrates our inability to draw the eastern 

section of the range. At Pangong and Budok, between the known eastern extremity 

-of the Karakoram and its supposed continuation at Aling Kangri, no range appears 

•to existjf but our geographical knowledge of this region is very imperfect. 

As we said of the Kailas range when referring to this same region, a portion of 
the Karakoram may have subsided vertically : on the other hand, the normal height 
-of the Karakoram at this spot may not be above 17000 or 18000 feet, in which case it 
would be now projecting only 1000 or 2000 feet above the surface of the high level allu- 
vial plains of Tibet and be attracting no particular attention from explorers. 

East of Ahng Kangri a great range was observed by the explorer Nain Singh. 
He left Leh in July 1874, and travelled due east from Rudok for a distance of more 
than 800 miles ; an almost continuous range of snow mountains, he said, trended east- 
wards from Ahng Kangri (longitude 81^) to the Ninchinthangla peaks (longitude 
90° 30') (see frontispiece to Part !).{ 

Another qoeation that cannot yet be answered is — Are there two Karakoram 

ranges parallel to one another? There are, we shall 

The possible existence of a second ^ •, pa a tt* ji tt- i. /£^ x* * j. 

Karako^ range. show hereafter, two Hindu Kush ranges (frontispiece to 

Part I), and we have not been able to discover where 
the northern Hindu Kush range terminates towards the east. 

North-west and south-east of the peak K^ we see in rear of the Karakoram range, 
and at a constant distance from it, a very marked water-parting shown on maps, which 
curves back from the Karakoram axis in two places (see areas C and H of chart xxxv). 
It is crossed by numerous passes, the Shimshal (14719 feet), the Elhunjerab (16420 feet), 
the Mintaka (16430 feet), the Kilik (15600 feet), the Karakoram (18550 feet).§ 

What is this water-parting ? Is it a fold of the Earth's crust ? Is it an easterly 
- continuation of the northern Hindu Kush fold, and has it been welded by pressure 



* Map of Hmide3 or Nari Khorsam, 1 inoh = 8 miles. 

Aooess to Tibet from the west ia easy at this p* 

OsKerai Seport, 0. T, Survey of India, 1874-76. 

i The two Muztagh passes, the western of which was crossed by Younghnsband, are on the great Karakoram range. 

Height of western Muztagh pass 19029 feet, Ferber's aneroid value, Oeographieal Journal, Vol. XXX, Dec. 1907» p. 639. 



t Aodess to Tibet from tiie west is easy at this point, vide Sir Thomas Holdich's India. 
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into the Karakoram at K^ ? These are questions we are quite unable to answer^ 
No second Karakoram range has been shown upon the frontispiece to Part I ; its- 
existence as a separate crustal fold is conjectural, and it would be unsafe to draw 
conclusions as to structure from observations of drainage. It is possible that the 
Karakoram range has thrown off bifurcations, and that these have complicated the 
orography. 

Even the great Karakoram peaks themselves seem to follow two alignments.. 
The Masherbrum peaks and peak 63 (table v of Part I) siirmount a ridge parallel 
to that on which the peaks of K' and Gasherbrum stand, and at a distance of ten miles 
from it. Of the Karakoram peaks north-east of K* we have no knowledge, and there 
is no more likely spot than this for great imdiscovered peake to be existing. 

Colonel Montgomerie gave the following account of the mountains of western 

Tibet, of which the Karakoram is the backbone : " Prom 

ompansons wi ps. ^^ ^^^ point in the Punjab at the foot of the Himalaya 

'' it takes a man assisted by a pony sixty-six days to cross the mountains ; and I think 
" that even if a man tried his utmost he could not weU do it under fifty-five days ; during 
*' that distance the road is for twenty-five marches never under an elevation of 16000^ 
** feet, and during forty-five marches never descends below 9000 feet." 

The Alps, I suppose, would take, at the outside, three days for a man to cross, 
and I believe that a good walker can cross from a village on one side to a village on 
" the other in one summer's day. The Munshi took twenty-five days to march from 
*^ the last village south of the Karakoram to the first village north of the Karakoram." 
" In no parts of the Alps," writes Sir Martin Conway, " is there anything like the 
*' amount of rock ruin, even in proportion to the size of the mountains, that one finds. 
**in these dry districts of the Karakoram."* 

The Karakoram is a more arid and less wooded region than the Himalaya ; its- 
topographical features are consequently different. Rain-water runs off more rapidly, 
less sinks below the surface, and the rocks are not protected to the same extent against 
variations of temperature by a mantle of verdure. 

The Hindu Kush. 

Humboldt believed that the Hindu Kush range was a continuation of the Kuen 
Lun,t and an examination of the frontispiece to Part I shows how natural such a sup- 
position was. Even now we cannot draw the crustal folds of the Pamir plateau or 
of the region to its south-east. 

Trigonometrical observations and topographical surveys have shown that the 
Hindu Kush consists of two distinct parallel ranges4 The highest peaks and the 
deepest gorges are foimd on the southern range, and smaller variations of reUef on 
the northern. 

* W. M. Conway : Climbing in the Himalaya$, 1894. 
t A« Von Humboldt : [ Cosmos, VoL II, page 154. 
X Holdioh*0 India, pap;e 84. 
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The northern Hindu Kush range bears the same relation to the southern, as the 

Drainage of the Hindu Kush ^^^^ ^*^8® ^^^ ^ *^« ®^^* Himalaya in Nepal : that 
^^^^ is to say, the northern is the primary water-parting, and 

its drainage escapes through the gorges of the loftier southern range. 

The Hunza river rises beyond the southern range and cuts through it. Simi- 
larly the Gilgit river drains the trough between the two Hindu Kush ranges for 
40 miles and escapes through the southern range ; the crests of the two ranges are 
13 miles apart in the basin of the Gilgit. The Kunar river drains the interior of the 
trough for over 50 miles and pierces the southern Hindu Rush range at the Ishpirin 
defile.* The Panjshir river drains a great length of the trough and passes through 
the southern range to the Indus.f 

West of the peaks of Tirich Mir a portion of the trough appears to belong to the 
system of the Oxus, and still further west is a second and similar alternation of the 
drainage. t (Chart xx : figure 2 of chart xxi : chart xxxv.) 

The frontispiece of Part I and the section in chart xx show that the southern Hindu 

Kush range is a western extension of the Karakoram 

Continuity of the Hindu Kush. ruxj ^r^ t-it. 

iold,:p and on page 98 we decided to assume the 
water-parting between the Hunza and Gilgit rivers as the boundary mark between the 
two names. 

For a distance of 140 miles, from the Hunza-Gilgit water-parting to the peaks of 
Tirich Mir, the Hindu Kush rises to no great altitude, and the original alignment 
can in places be only traced by the presence of huge pyramidal masses 20000 feet 
high, which have been carved out of the range. 

North from Tirich Mir a perpendicular buttress projects from the Hindu Kush 

and deflects the Oxus to the north : it resembles the 
IT u ess. buttress of Kamet (page 92), and in the same way 

as the latter issues from the culminating point of the Zaskar range, so does the former 
protrude from the Hindu Kush at the place of its greatest vertical expansion. The 
association of a giant peak surpassing all its neighbours with a perpendicular ridge 
seems to indicate that the crust of the region has been subjected to extraordinary cross- 
pressures. 

It will be seen that the drawing in figure 2 of chart xxi does not reproduce the 

representations of the frontispiece to Part I ; the diver- 
The dash of ranges at Tirich Mir. gencc helps to illustrate the Uncertainties surrounding 

the orographical problem. In the frontispiece of Part I 
we have shown the two parallel Hindu Kush ranges extending westwards from longi- 
tude 74^ and forming the basins of the Panjshir and of the Hari Rud : the range 
pierced by the Kunar river at Chitral is, in this chart, the southern Hindu Kush. 
In figure 2 of chart xxi we have suggested an alternative solution, and have made 

^ Northecn Transfrontier Sheet No. 2, 1 inch ^ 8 miles. 

t North-west XraDs£rontier Sheets Nos. 26, 27, 1 inch » 8 miles. 

{ Chart zx illustrates the Bonthem range only. On this chart tiie Kunar riyer has been wrongly oalled the taranunt 
^hich is a local name for one section of the river. 
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the two Hindu Kush ranges conjoin near the mass of Tirich Mir, and continue there- 
after as one range. According to chart xxi the range pierced by the Kunar river 
near Chitral and the range forming the southern limit of the long trough drained by the 
Panjshir river are extensions of the great KaUas fold, a further extension of which 
then becomes the southern rim of the basin of the Hari Rud.* 

Westwards from Tirich Mir the Hindu Kush continually throws off minor branches 
and declines in height : in longitude 68^° its peaks rise above 16000 feet, in 66^ 
they rise to 12000, in 63° they hardly reach 10000. 

It is not known whether the water-parting between the Indus and the Helmand 
(longitude 68j°) is a structural bifurcation from the Hindu Kush or whether it is a 
ridge carved by rain : its elevation rapidly diminishes as it extends southwards from' 
the Hindu Kush. 

The beds of the great rivers that pierce the southern Hindu Kush range, pro- 
vide thoroughfares, and the number of well-known 

Passes over the Hindu Kush. passcs over this range is consequently not large. The 

Darkot (15000 feet) is perhaps the most important ; it 
crosses the range opposite to the Baroghil (12460 feet) and Shawitakh (12660 feet) passes 
of the northern Hindu Kush. 

The northern Hindu Kush is pierced by a few torrential streams, but by no great 
river. It is crossed by an extraordinary' number of passes : west of longitude 67^ 
there are the Sharak Kushta, the Barkak and several others between 10000 and 11000^ 
feet. Further east there are the Irak (13500 feet), the Chahardar (13900 feet), crossed by 
the Afghan Boundary Commission in 1886, the Kaoshan (14340 feet), crossed by Alex- 
ander the Great, and the Khawak (11640 feet), a great trade route.f In the Tirich 
Mir region there are the Dorah (14800 feet), the Agram (16630 feet), the Nuksan 
(16050 feet), the Elhatinza (17500 feet) and the Sad Ishtragh (17450 feet). Between 
the last named and the Kilik pass, near the trijunction of the basins of the Indus, 
Oxus and Tarim, there are numerous passes which average in height about 16000 feet, . 
two of them however being low, namely, the Baroghil (12460 feet) and the Shawitakh 
(12560 feet). These lists do not pretend to be complete ; a few names only have been 
mentioned to indicate the general elevation of the lowest notches in the Hindu Kush. 

* Map of A^haniwtan, 1 inoh ■• 10 miles, 
t Holdioh's India, page 85. 
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THE RANGES OF NORTHERN TIBET AND TURKISTAN. 

The AghUy the Kuen Lun and the AUyn Tagh. 

But little is known of the Aghil range ; it was discovered by Sir Francis Young- 
husband, and a few of its peaks have been observed by 
surveyors; but its length and direction have not been 
determined. The position given to it on the frontispiece to Part I and its junction 
with the Sarikol range are conjectural. The peaks observed between the Kuen Lun and 
Karakoram ranges along the upper courses of the Yarkand river appear to be 
scattered rather than aligned, and the region seems to resemble in complexity that 
between the Indus and Kunar rivers. 

It may be that the Kuen Lun, Aghil and Karakoram folds have been pressed 
against one another ; all the ranges of Tibet tend to converge at the north-western comer 
of the plateau, as though they were trying to escape through the neck of a bottle ; once 
having passed the neck they separate again, but during the passage they appear to 
su£Eer from extreme compression. 

The Kuen Lun range runs in an east and west direction through northern Tibet {vide 

frontispiece to Part I) ; as far as we know, there are in the 

The Kuen Lun. -rr t i i -n i 

Kuen Lun no outer and lower parallel ranges as there are 
in the Himalaya, and from longitude 76° to 83° the Kuen Lun may be described 
as the northern border range of the Tibet mass. It is, however, only west of longitude 
83° that the Kuen Lun faces the Tarim desert : east of this its branch, the Altyn Tagh, 
becomes the border range.* 

The absence of outer and lower ranges has an effect upon the drainage : there are in 
the Kuen Lun no long valleys like the Dehra Dun, and rivers instead of converging, like 
those of the Himalaya, inside the mountains flow more directly down from the snows, and 
enter upon the plains in greater numbers and with smaller volumes. South of Elhotan 
and Kiria the rivers issue from the Kuen Lun at intervals of 20 miles ; on the Himalayan 
side the average interval exceeds 50 miles. 

From the snows to the plains of India the Himalaya are 80 or 90 miles broad ; 
from their crest to the plains of Tarim the Kuen Lun are 40 or 50 miles broad. 

The portions of the Kuen Lun drained by the Yarkand and Karakash rivers are 
known as the western Kuen Lun, the remaining lengths as the eastern. Many trigono- 
metrical observations of peaks have been made in the western Kuen Lun, but our 
knowledge of the eastern range is confined to that gained by explorers, among whom 
Prejevalsky and Sven Hedin are pre-eminent.* East of longitude 86° the Kuen Lun 
is known as the Arka Tagh. 

• For map, see Hoklioh's Tibet Ae MfStmoua. In the frontispieGe chart of Part I the axis of the oentral Kneo 
Lun has been drawn too far north. Ld longitude 84* the axis should have been placed in latitude 36i* Chait XXXV 
repeats this mistake. Chart XXHI is ooneot 

a 
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The north-eastern portion of Tibet consists of the high level plains and basin of Tsai- 

dam, which are bounded on the south by the Kuen Lun, 
* on the north-west by the Altyn Tagh, and on the north- 

-east by the Koko Nor range. The Altyn Tagh was discovered by Prejevalsky ; it is a 
precipitous range, and portions of it rise above the line of perpetual snow. The easterly 
prolongation of the Altyn Tagh is the great range of Nanshan, considerable lengths 
of which rise also above the snow-line. The principal peaks of the Altyn Tagh are 
Anambarula, Amuninoku, and Koukye, all of" which probably surpass 19000 feet in 
height. Both the Altyn Tagh and its continuation the Nanshan appear to be wide 
folds with minor corrugations superposed. The Koko Nor range of Tsaidam is 
parallel to the Nanshan, and the trough between them is over 300 miles long, the 
lake of Koko Nor being situated at its eastern extremity. 

As the Kuen Lim passes from Tibet eastwards into China, it loses the form ot a great 

continuous fold and breaks up into minor ramifications, as 
Easterly tenxiination of the Kuen the Hindu Kush does in Aighanistau. There is however 
"•"" this difference, that whereas the Hindu Kush does not 

split up into secondary folds, until it has emerged from the high plateau and descended to 
lower levels, the Kuen Lun begins to throw off its branches before it has left Tibet. 
Eastern Tibet is very intricate, no surveys have been made, and it is not possible at 
present to analyse the mountains from existing data, or to determine the relations of 
the Kuen Lun to the numerous ranges that traverse western China between 
the Hoang Ho and Yangtze rivers. 

From Prejevalsky 's descriptions the Kuen Lun appears to bifurcate at its eastern 
extremity into two ranges, the Burkhan Buddha and the Shuga.* 

" The Burkhan Buddha," he wrote, " is a distinct range more particularly on the 
** north, where it rises boldly from the perfectly level plains of Tsaidam : it has no very 
"conspicuous peaks, but extends in one unbroken chain." 

" The ground gradually rises to another range the Shuga, lying parallel with the 
** Burkhan Buddha and terminating as abruptly on the west, where it abuts on the 
" Tsaidam plains.f About 70 miles to the south of the Shuga range rises a third 
" chain of mountains called by the Mongols Baian Kara XJla : they are situated on the 
**left bank of the head waters of the Blue river, called by the Mongols Murui-ussu, and 
" form the watershed between its basin and that of the sources of the Hoang Ho." 

" Between the Shuga and Baian Kara Ula chains lies a terrible desert 14500 feet 
" above the level of the sea." J 

The Baian Kara Ula range is an eastern extension of the Kokoshili range of Tibet, 
which will be described subsequently. 

The Kuen Lun does not form the water-parting between the Hoang Ho and Yangtze. 
The most westerly source of the Hoaug Ho is in the interior of Tibet and south of the 



* N. Prejevalsky : Mongcliat Vol. II, page ]7/(. 
t Idem, page 178. 
X Idem, page 180. 
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Kuen Lun ; a feeder of the Yangtze drains the southern slopes of the Kuen Lun west of 
theHoang Ho's source.* 

The Kashgar and Harikcl ranges. 

The Kashgar and Sarikol ranges are two paraUel mountain chains that form the 
The Kash ar r c eastem flank of the Pamir plateau, and that trend from 

south-south-east to north-north-west (frontispiece to- 
Part I). The more easterly of the two is the Kashgar range, called by Humboldt the 
Bolor and by Hayward the Kizil-Art. It rises like a wall from the Tarim deserts, and 
is surmounted by glaciers and snow-clad peaks. 

The Kashgar range is shown on the chart as a direct continuation of the Kuen Lim 
on the high authority of Stoliczka, but its connection with the Tian Shan is not under- 
stood (chart xvii). 

North of the Kungur peaks (table iv. Part I), the Kashgar range appears to bend 
towards the north-west ; at its bend it bifurcates, and throws out a branch range on 
the convex side -of the bend. The 6az river cuts through the range at the bifurcation 
a few miles north of Kungur. From its crest to its easternmost flank, where its 
further continuation is buried under sand, the Kashgar range is 60 miles wide.f 

The Sarikol range, running parallel to the Kashgar on the west and at a distance of 

30 or 40 miles from the latter, is the lower range of the 

The Sarikol range. 

two, and its peaks do not reach 20000 feet. Nevertheless 
it is a primary water-parting of Asia, its western slopes draining into the Oxus and 
sea of Aral, its eastem into the Tarim river and lagoons of Lob Nor. The Sarikol 
range separates the Taghdumbash Pamir from the Little Pamir, and is crossed by 
the Nezatash (14915 feet), the Uzbel (15200 feet), and other passes. 

The connection between the Sarikol and Aghil ranges is conjectural (frontispiece 
to Part I). 

The trough enclosed between the Kashgar and Sarikol ranges is known as the Sarikol 
valley; it extends from the Taghdumbash Pamir to the little Kara Kul lake. 
*' The valley of Sarikol,'* writes Sven Hedin, ** is a gigantic trench piercing to the 
** heart of the stupendous Pamir plateau." The plains of the Taghdumbash Pamir form 
a southern continuation of the Sarikol valley ; and the plains of Tashkurgan and of 
Tagharma are in the valley itself. 

The Tashkurgan river drains the Taghdumbash Pamir and the northern slopes of 
the Hindu Kush, and passes into the Sarikol valley : in the valley it bends at right angles 
and piercing the Kashgar range escapes through a precipitous gorge to the plains of 
Tarim. The northern portion of the trough between the Sarikol and Kashgar ranges is 
drained by the Ulu- Art and Ikebel-su rivers, which unite and force a passage through 
the Kashgar range at the Gaz deflle. 

The Kashgar and Sarikol ranges thus constitute a system similar to that of the 

Hindu Kush and to that of the Great Himalaya. The Great Himalaya is higher than 

' ~" ~ ~^~~^ • 

^ On chart xvu the name of the Chinese river waa spelt Huang ; the ti»w edition of the Imperial Gazetteer 
spells it Hoang Ho. 

t Map to illuBtrate Younghusband'a explorationat I inch = 16 miles. 

k2 
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the Ladak range, but the latter is the water-parting, and its drainage cuts across the 
former through deep gorges. The same phenomenon is witnessed in the Hindu Rush ; 
the southern range is the higher but the northern is as a rule the water-parting. Now 
again we see the Kashgar range higher than the Sarikol and yet pierced by the 

drainage of the latter. 

The chart xvii was drawn primarily to illustrate the apparent clash of the 

Great Himalayan alignment with the Hindu Kush on the 
The northern termination of the i^Q^h-west and with the Arakau ranges on the east, but 

Kasugar range. ^ 

it has been made to include the clash of the Kashgar and 
Tian Shan ranges. East of the Brahmaputra we find the Great Himalaya 
trending perpendicularly to the Arakan chains; at the Indus we see the same 
giant range advancing at right angles to the Hindu Kush. And now to the north we have 
the Kashgar range running perpendicular to the Tian Shan. Just as we ask ourselves 
what has become of the Himalaya beyond the Brahmaputra and the Indus, so are we 
unable in Turkistan to decide how the Kashgar range has ended. The forces, that create 
ranges, are so powerful compared with those that are available for our experiments, that 
we cannot calculate the probable results of their action even under given conditions. 
What would now be the effect on the Himalaya if the earth's crust were compressed 
between Afghanistan and China, and if wrinkles Uke the Hindu Kush and the Arakan 
mountains began to advance from the west and the east against the ends of the 
established range ? Would the axis of the latter be crumpled in plan into horizontal 
sinuosities, or would it be forced into an uniform curve, or would its ends be bent and 
crushed ? These are questions we are unable to answer. 

The Tian Shan ranges J^ 

The Tian Shan mountains are a complex system of ranges. They appear to be a broad 
crustal fold, the surface of which has been wrinkled into minor folds by forces acting 
from different directions. Severtsoff writes of the Tian Shan as '*a system of 
** intersectional ranges :" the predominant ranges, he thinks, trend from east-north-east 
to west-south-we8t.f 

Prince Kropotkin writes, that the two main directions of mountains in the Tian 
Shan are, firstly, from south-west to north-east, and, secondly, from south-east to 
north-west. J 

The axial line of the Karakoram range has been shown to trend from south-east to 
north-west and to bend round into the Hindu Kush, which runs from north-east to south- 
west. A remarkable paraUeUsm, therefore, exists between ranges situated north and 
south of the moimtain knot, known in geography as the Pamir plateau. 

Of the Tian Shan ranges that run from south-east to north-west the Kugart range is 
perhaps the best laiown : of the ranges that run from south-west to north-east there are 

* Fu2e Tian Shan plateau, page 68 of this paper, 
t Journal, Royal Qeographieal Society ^ Vol. XL, 1870. 
J Oeograpkfcal Journal, Vol. XXII J, 190*. 
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the Alai and the Trans Alai, as shown on the frontispiece to Pait I, and then south of 
Issik Kul there are the Terek range on the north, the Koktan in the centre, and the 
Artush bordering the Kashgar plains. The great lake of Issik Kul (height 5300 feet) 
lies north of the Terek range and is itself bounded on the north by the two granite 
ranges of Alataiu 

At one time it was believed that no sedimentary rocks existed in the Tian Shan, but 
SemenofE showed that this idea was incorrect, and now Merzbacher writes, that the most 
elevated region of the Tian Shan is built up exclusively of sedimentary rocks. 

The great peak of the Tian Shan is Tengri Khan (23600 feet, vide table vi of 
Part I) ; the height of its summit surpasses all other peaks of the region by 3000 feet.* 
Many of the crests of the Tian Shan are above the line of perpetual snow, and it is 
probable that several peaks of 20000 feet exist on the central ranges. The outer ranges 

do not carry peaks above 16000 feet. 

The outer ranges of the Himalaya enclose longitudinal vaUeys known as " dims," 
„ , , but such valleys are not found in the Kuen Lun. On the 

southern flank of the Tian Shan they occur in places. *^ A 
^* peculiar feature," wrote Stoliczka, *' in this part of these hills consists in the occurrence 
" of extensive plains, to which the name * jilga ' is generally applied. It means origi- 
^* nally, I think, merely a water-course, and on a large scale these plains may be looked 
*'upon as water -courses of former water-sheets. They occur at the base of the 
'' high range, and in some respects resemble the ' duns ' of the southern slopes of the 
^' Himalaya. North of Tangitar one of these large plains occurs within the lime-stone 
'^ rocks, being surrounded by them on all sides. It must be about 30 miles long from 
'* east to west, and about 16 from north to south. "f 

Professor Ellsworth Himtington writes : ** Apparently the Kashgar basin has long 
'^ been growing smaller by a process of continuous folding along the edges."J 

In his Central Tian-Skan Mountains, however, Merzbacher gives a different descrip- 
tion of the outer hills: the latter he describes as ^'subsiding gradually in ranges of 
" transverse spurs, whose cape-like ends project far into the desert." "Much of the 
" outermost skirting range," he says, " lies buried in the enormous rubbish heaps of 
'' the high plain. The hitherto prevailing conception of the wall-like descent of the 
^* range must be given up.*' 

At their eastern extremity the Tian Shan are separated from the Altai mountains of 
Mongolia by the remarkable depression known as the Zungarian strait, 2300 feet high ; 
on the west they end in the Alai and Trans Alai ranges. 

The Trans Alai range is the snow-clad chain, which borders the Pamir plateau on the 
The Trans Alai north : it is a very important range and surpasses in height 

all the mountains that intersect the Pamir plateau itself. 
Kaufmann (23000 feet) is its highest peak ; the pass of Kizil-Art crosses it at a height of 
14260 feet. 

* Merzbacher: Central Tian-Shan M fynfUains, iMOb. 

t T. D. Forsyth : Report of a Minion to Yarkand, 1873» i>age 472. 

X Compare this, however, with our r/receding note on the Kuen Lun in which we come to the concluaion that outer 
-ratigea are absent. 
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The Alai range is north of the Trans Alai and lower ; its average elevation does not- 

exceed 16000 feet, and its highest peaks rise only to 19000- 
feet. There are several passes crossing it at 12000 feet. 
The trough between the two ranges is known as the Alai vaUey ; it is crossed by 
the water-parting between the Aral and Tarim basins, the drainage of its eastern por- 
tion flowing one way, that of its western the other. The height of the trough at the 
water-parting is 11000 feet ; the surface of the trough has gentle slopes, and the actual 
water-parting is not a marked feature. The two rivers flowing eastwards and 
westwards from the water-parting of the Alai valley are both named Kizil-su. 
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18 

THE RANGES OF THE INTERIOR OF TIBET. 

A complete history of the exploration of Tibet will be found in Sir Thomas Holdich's 
Tibet the Mysterious. Chart xxii of this paper illustrates the tracks of explorers 

over the interior of Tibet, 

Many parallel mountain ranges have been found to exist, but their number and 
positions and heights are not at present known. 

Between the Kailas and Kuen Lun ranges there are probably at least five primary 
ranges, and of these the prolongation of the Karakoram fold is probably one. We 
have observed the continuity of the Great Himalaya, and of the Kailas and Ladak 
ranges in Southern Tibet ; and explorers have traced the Kuen Lun on the north of 
Tibet from west to east. It is probable, then, that the central folds will also be found 
continuous ; they may bend in places, and subside in others ; they may bifurcate and 
conjoin ; and different lengths may appear to overlap ; but the pijmary folds probably 
do continue from Afghanistan to China. 

Many explorers have emphasised the fact, that the interior ranges of Tibet and 
their intermediate troughs trend from west to east.* Nain Singh followed a long west 
and east trough containing a continuous series of lakes : Bower followed another, and 
Sven Hedin a third. The large rivers of central Tibet appear to flow in west and east 
directions. 

"Like all the previous lakes," wrote Sven Hedin in northern Tibet, "lake No. 18 
" had an east and west direction, and was one of the largest we encountered ; we travel- 
" led beside it the whole of the day (sixteen and three-quarter miles)." 

The explorer Kishen Singh traversed Tibet from south to north, from Lhasa to 
Saichu, and crossed over several ranges : the foUowing are extracts from the 
narrative of his journey in the interior of Tibet: — ^f 

(i) " We reached the Lani La pass by an easy ascent of 2J miles. The Lani La 
" range comes from the east, and far off in that direction are some high 
" peaks covered with perpetual snow." 

(n) " Tangla is a long range of mountains running from the west and possess- 

"ing several snowy peaks and spurs." 
(m) " The Dungbura Khuthul pass has an easy ascent. The general direc- 

" tion of the long range bearing this name is from east to west." 
iiv) " We crossed the Kokoshili Khuthul pass which has an easy ascent. 

" The general direction of the range is from east to west." 
(v) " A steep ascent of l\ miles then brought us to the Angirtakshia Khuthu 

" pass. The Angirtakshia. a long range, lies east and west."{ 

^ Littledale's evidence does not support this view ; he marched southwards from the Kuen Lun (latitude 36® 6*) to 
Tengri Nor (latitude 30° 40'). *' We never, " he wrote, " saw a single continuous mountain range, till we oame to the Ninehin- 
"thangla." 

t J. B. N. Hennessey : Report on the explorations in Oreat Tibet and Mongolia made by A-K in 1879-1882. 

t Angirtakshia is a local name for an easterly extension of tho Kueu Luo. 
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The Ninchintliangla range, however, trends from north-east to south-west and 
forms a very striking exception to the east and west rule (frontispiece to Part I). 

If we examine the frontispiece to Part I we see that the meridian of 92° crosses 
four ranges in Tibet; of these that situated north of latitude 30° is the Lani, that 
north of 31° is the Ninchinthangla. The Tangla is near latitude 33° and the 
Eokoshili is north of 35°. Kishen Singh's Dungbura range, which has not been 
shown on the chart, runs north of 34° between the Tangla and the Kokoshili. 

On the west of Tibet we find between the Kailas and the Kuen Lun ranges two- 
primary ranges, the Karakoram and the Aghil : on the east we find five, the Lani,. 
the Ninchinthangla, the Tangla, the Dungbura and the Kokoshili. Two ranges 
are thus known to enter the interior of Tibet from the west, five have been observed 
to issue from it on the east. How the two become five, or whether there are not 
more than five we do not know. 

WhenWellby travelled in 1896 from west to east through northern Tibet he 

marched south of the Kokoshih range for a long distance. 
Sven Hedin explored the long trough to the north 
between the Kokoshili and Kuen Lun. In longitude 94° 20' the Kokoshili is cut 
through by a northern affluent of the Yangtze, but east of the gorge it becomes, under 
the name of Baian Kara XJla, the water-parting between the Hoang Ho and Yangtze. 
Wellby's ** Abrupt " peak and the " King Oscar " peak of Sven Hedin rise from 
this range. 

The Tangla range forms the water-parting in Tibet between the Yangtze 

and Salween, and Prejevalsky traced an affluent of the 
former almost to its source in the Tangla at a height 
of 16400 feet. 
The Ninchinthangla range forms the water-parting between the Brahmaputra 

and the closed basin of Tibet. Mr. and Mrs. Little- 
^ dale crossed this range by the Goring pass (19587 feet), 

and the explorer Nain Singh crossed it by the Khalamba pass (17200 feet). Little- 
dale described the Ninchinthangla as '^ a magnificent range — a succession of snow-clad 
** peaks and glaciers." "Above aU," he wrote, "towered with clifis of appalling 
" steepness the great peak of Charemaru, 24163 feet. From this point of view it was 
" perhaps one of the most impressive moimtains I had ever seen.*" Colonel Montgomerie 
wrote : " To the south the lake is bounded by a splendid range of snowy peaks flanked 
" with large glaciers, culminating in the magnificent peak Jang Ninchinthangla which 
" is probably more than 25000 feet above the sea. The range was traced for nearly 
" 150 miles running in a north-easterly direction."t 

In a table below we give a Ust of all the highest peaks of Tibet, the, positions of 
which are known : we are unable to identify either Montgomerie 's peak Jang Ninchin- 
thangla or Littledale's Charemaru ; the two were possibly the same peak, j; In 1904 

• Geographical Journal, Vol VH, 1896. 

t Colonial Montfloineiie'i Memorandum on the exploration of the Nam Tso or Tmuni Nor Lake, 1873*74. 

X For Ryder's note on Bonvalot's peaks see Report on Survey operations with the T%oet Frontier CommiMion, 1004 
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Major Ryder fixed -several peaks of the Ninchinthangla range from the neighbourhood 
of Lhasa. R^^7 was the highest peak he observed, and its altitude was 23265 feet. 
It is unlikely that Montgomerie's or Littledale's peaks are higher than this. 

The Lani range is an easterly branch of the Ninchinthangla. 

Nothing is known of the Dungbura range beyond the fact that Kishen Singh 
crossed it. 

The prolongation on the frontispiece to Fart I of the Karakoram range and its 

conjunction in longitude 92^ with the Ninchinthangla 
^.p^iongation of the Karakoram in ^^^ hypothetical. We do not yet know that the Kara- 
koram range does continue eastwards through Tibet» 
and even if it be proved to do so, it may be found to connect with the Tangla range 
north of latitude 32°, and not with the Ninchinthangla. Observers of the Hima- 
laya, the Ladak and the Kailas ranges have been impressed with their apparent conti- 
nuity, and it is perhaps natural that we should seek for the prolongation of the 
gigantic Karakoram : the prolongation, however, as entered on the chart, is intended to 
suggest only the possibility of continuity, and must not be accepted as fact. 

The following extracts show the evidence upon which the drawing of the Kara- 
koram range in the chart has been based : — 

" A number of lofty snowy peaks were determined from various stations of the 
'* route survey, the most remarkable being the Aling Kangri group north of the Indus, 
** which, judging from the great mass of snow seen on its southern face during August 
" and September, must be upwards of 23000 feet above the sea, possibly as much as 
" 24000 feet. The line of perpetual snow on the southern slopes of the Ladak 
'* Mountains approximates to 20000 feet in the same latitude, and it would require 
"several thousand feet of snow above that line in order to be very imposing at 80 
" miles, at which distance the Pandit first saw it. The Aling Kangri group had never, 
" as far as I am aware, been heard of before. They appear to be a continuation of 
" the range between the Indus and the Pangong lake."* 

" The Pandit Nain Singh left Leh in July 1874, and succeeded in crossing the 
" Tibetan frontier in the disguise of a Lama or Buddhist priest. Passing about 16 
" miles to the north of Rudok, he travelled nearly due east for a distance of more than 
" 800 miles over a new line of country, separated from the valley of the Sangpo 
" (Brahmaputra) by an almost continuous range of snow mountains, which trends east- 
•' wards, from the Aling Kangri peaks in longitude 81°, up to the Ninchinthangla peaks 

"in longitude 90i°.''t 

In central Tibet the line of perpetual snow does not lie much below 20000 feet, 
and the fact that Nain Singh saw snow extending almost continuously from longitude 
81° to 90 J° is evidence of the existence of a great range. 



* Colonel Montgomerie's Report on Trana-Himalayan Explorations^ \mi. The range between the Indus and ths 
Pangong lake is the Ladak range : posaibly the Kailas range also paflses between. The Aling Kangri peaks are now be- 
Uered to atand considerably north of the Kailas and Ladak ranges, and to mark perhaps the continuation of the Karakoram. 

t An account of Trans- Himalayan ex pioration» by General J. T. Walker, R.E., F.R.S. Oaftral Report, Great Trigonomet- 
rieal Survey of India, 1874-7ff, page 20. 
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The question may be asked whether the snowy range seen by Nain Singh 
-to the south may not have been the Eailas range : the answer lis that the snow 
peaks fixed by Nain Singh stand 120 miles north of the Brahmaputra and many miles 
north of any known peaks of the Eailas range. Thus the Aling Eangri peaks east of 
longitude 81^ are a hundred miles north of the sacred peaks of Eailas. In longitude 
85^ the two ranges are one hundred miles apart and in 86° eighty miles. The interval 
in fact between Nain Singh's range of peaks and the Eailas range is greater than 
between the Eailas and Ladak ranges, and if we have regard to the spans of the known 
ranges of the Himalaya and Earakoram, we find it more reasonable to assume that 
an intermediate trough separates Nain Singh's range from the Eailas than that the 
two apparent chains of mountains are the respective flanks of one broad range. 

The following extract from Captain Trotter's report on the Trans-Himalayan 
explorations of 1873-74-75 gives further details of Nain Singh's journey : — 

Four hundred miles east of Aling Eangri 'Hhe Pandit encountered a lofty 
^' range of mountains, which was crossed by a high but easy pass called Eilong, 18170 
*^ feet above sea-level. This range runs southwards and culminates in some enormous 
" peaks known by the name of Target, from which extends eastwards a snowy range^ 
numerous peaks of which were fixed by the Pandit along a length of 180 miles 
up to where the range terminates in a mass of peaks called Gyakharma, which also 
*^ lie to the south of and very near the Pandit's road. The highest of these Gyakharma 
''peaks was ascertained by measurement to be 22800 feet above sea-level, and the 
'' Pandit estimates that the highest of the Target peaks, which lay too far off the road for 
vertical measurement with a sextant, is at least 2500 feet higher ".* 

This range is probably not the watershed between the basin of the Brahma- 
** putra and the lake country of Tibet, for the Pandit was informed that to the south 
" of the range, running parallel to it, is a large river, the Dumpho or Hota Sangpo 
which ultimately changes its course and flows northwards into the Eyaring lake.*' 
Thus far on his journey," continues Captain Trotter, " the Pandit states that 
•* a cart might be driven all the way from Noh without any repairs being made to 
** the road, but in crossing the range the path was steep and difficult. There is an 
*' alternative road, however, lying to the north, by which it is said a cart might 
" easily travel to the Nam Tso lake without meeting a single obstacle en route.^^ 

" The height of the plateau traversed appears to vary but little between 15000 
** and 16000 feet above the sea-level. The plain is as a rule confined between moun- 
" tains which run parallel to the direction of the road, but a few transverse ridges 
'* of considerable elevation are crossed en rotate." 

The following table gives a list of the high peaks of Tibet, as known to us, and 
shows the ranges on which they stand. A few of the heights such as those of Leo 
Pargial, Eamet, Eailas and Gurla Mandhata have been well determined and may be 
ranked as values of the first class in accuracy : many heights, however, which have been 
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• Estimates of heights of gqow peaks have so often proved to be in error by 5000 or 6000 feet, that no weight what- 
ever is now attached to them. 
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measured trigonometrically from stations in Tibet, can only be regarded as belong- 
ing to the second class of accuracy, owing to the uncertainty attaching to the altitudes 
of the points from which the observations were taken. The sextant observations of 
Nain Singh furnish heights of the third class of accuracy, whilst his numerical 
estimates of Aling Kangri, Targot Yap, and Samdankang Jang can only be accepted 
as indications of imposing height. The explorer Kishen Singh contented himself with 
recording against Jhomogangar "very high", and refrained from numerical estimation. 



Table XXVII.— The high peaks of Tibet. 

NoTB. — speaks of the Himalaya, Karakoram and Kuen Lun ranges have been excluded, as this list is intended to 
show peaks that stand in the interior of Tibet. 



1 „ 1 

Bange. Name. 


• 
1 

'Height in feet. 

1 


Latitude. 

1 


Longitude. * | Authority. 

1 


(' LeoPargialS. . 


1 

22170 


1 

/ *f 

31 53 5 


/ ^ 

78 44 5 


) Great Trigo- 


Zaskar ] LeoPargialN. 


22210 


31 54 8 


78 44 39 


" nometiical 


( 


Eamet 


25447 

1 


30 55 13 
30 26 18 


79 35 37 . 


) Survey. 


f 


1 Gurla Mandhata 


25355 


81 17 57 ' 


G. T. Survey. 


' 


i Wl«7 . . . 


20751 


30 13 46 


82 8 5 ^ 






WIM 




. 21007 


30 14 25 


82 8 38 






W^5« 




' 21431 


30 17 8 


82 8 53 




1 


W^*" 




21383 


30 9 37 


82 9 41 ; 




1 
1 


w** 




22032 


30 7 26 


82 11 17 




^ 


Wi« 




21568 


30 12 35 


82 11 28 






W'w 




20467 


30 1 50 


82 19 36 






W148 




■ 20168 


30 44 


82 21 51 






^ffu& 




21754 


29 51 


82 42 16 




1 


■^16i 




20684 


29 47 57 


82 43 23 


L Wood. 


Ladak 


w«* 




22492 


29 45 29 


82 45 1 

1 






W^5* 




21477 


29 40 32 


83 3 ' 






W"i 




20000 


29 36 11 


83 13 21 






w«» 




20244 


29 30 57 


83 21 53 






Ypu 




20560 


29 33 51 


83 39 5 ' 






W8» 




20727 


28 45 34 


85 32 27 






WW 




21248 


28 46 37 


85 32 57 






W" 




21169 


28 56 58 


86 5 12 






w« 




21263 


28 57 58 


87 16 51 !^ 






R*"* orNojinkang 


23600 


28 57 2 


90 11 1 1- 






Sang 












Ri« 


21852 


28 51 13 


90 12 43 1 






B}^^ 


21424 


L 28 50 18 


90 13 26 


^ Ryder. 




Ri2» 


20456 


28 48 25 


90 13 33 i 




R=»» . . . 


21660 


28 46 33 


91 69 20 






R2M (a) (Yala Shimbo 


21768 


28 47 46 


91 59 20 






of Nain Singh) 






a 





* The yalnes of longitude are based on the determination of the difference between 
18W-96, and are not those hitherto accepted by the Survey of India. 
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Table XXVII. — The high peaks of Tibet — continued. 



1 

j 
Range. Name. 

1 


Height in feet 


1 

1 . Latitude. 


1 

1 

Longitude.* Authority. 


r 


1 

1 


20437 


1 

O f if 

31 5 18 


1 

81 13 57 


Wood. 




Kailas 


22028 


31 4 2 


81 18 60 ' G. T. Survey. 




W»» 


21600 


29 55 16 


1 84 33 33 ^, 




VP« 


23150 


29 50 4 


84 36 39 i^,. 
84 38 8 r"<x^- 




WIS* 


21300 


29 48 49 




vr^*« . . . 


20628 


29 43 16 


1 86 10 11 J 


Kailas 


Haikiang ■ 


• • a 


29 32 


85 14 1 NainSingh. 


' 


W^" 


20616 


29 26 46 


85 21 44 f 




W*** Of Cho-or-dzong 


21300 


29 27 43 


86 23 8 




W»« . . . 


20752 


! 29 26 37 


1 85 23 18 ^„^ 




WM . . . 


21097 


29 29 25 


85 24 52 


^ TTUVU- 




W" . . . 


21227 


' 29 28 30 


85 24 53 






W«» ... 


20000 


1 29 33 25 


87 8 38 






R»» ... 


21439 


29 20 56 


91 46 42 

1 
1 


^ Ryder. 


These peaks 


^ 






stand on a 






1 






range in Tibet 


Aling Eangri 


24000 


' 32 46 


81 2 


•s 


that may 


Ning Kangri 


. • 


32 15 


83 




possibly prove 


< Shyalchikang Jang . 


Very high 


31 45 


84 46 hNain Singh. 


to be the 


Targot Yap 


25000 


30 40 


86 15 

88 30 J 


continuation 


Gyakharma 


22800 


30 60 


of the Kara- 












koram. 


V. 










r 


Jhomogangar 


Very high 


29 50 


89 50 


Explorer A-E. 


R«<> ... 


22950 


29 54 7 


90 2 3 


"» 




R«»i 


20207 


29 51 26 


90 13 25 






R«i« . . . 


21694 


30 18 9 


90 29 7 






R*^« 


20456 


29 57 7 


90 32 46 


1 




R«" 


23255 


30 22 17 


90 35 19 


•• Ryder. 


Ninchinthangla^ 


R2i» 


20366 


30 27 37 


90 41 41 




R222 or Samden 












Ehansa of A-K 


20576 


30 47 56 


91 25 54 






W^ . . .1 


21543 


30 50 38 


91 29 40 


J 




t Samdankang Jang 


24000 


30 50 


91 30 


\ Nain Ringh. 




Potamolam 


■ a • 


30 30 


91 49 


I 


R22* ... 

r 

1 


20130 


30 30 33 


91 52 9 

4 


Ryder. 


Central Tibet -f 


Kangdigar 
Mtinza Kangri 


20600 


31 20 

32 20 


86 45 

87 15 


V Nain Singh. 

1 


North-Eastern 








Tibet . . . ! Caroline 

1 


18000 


35 20 


97 30 

1 


Rockhill. 



♦ The values of longitude are based on the determination of the difference betwuen Greenwiejh ami Madras made in 
1 894-96, and are not those hitherto accepted by the Survey of India. 

t The 8amdanhang Jang of Nain Singhis probably identical with R228 : possibly the Samden Khansa of A-K i» the 
same peak also, and not R222 as shown. The Potamolam of Nain Smgh is probably identical with R22*. Nain 8ingh 8 
value for the height of Samdankang Jang has baen shown by Ryder to be over 2000 feet too great. 
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Tablk XXVII.— The high peaks of Tibet— otmcJudee^. 



Range. 



Northern Tibet 



Western Tibet 



Name. 



Abraptpeak . 
Ullng Muztagh 
King Oscar peak 



Gamp 74 peak 273 



ft 

99 
19 
99 
99 
99 
99 



51 
61 
57 

109 
57 
51 
49 
51 
32 
29 

110 



99 
99 
99 
99 

>9 

\ 

99 
99 
99 
99 
99 



170 
169 
185 

84 
179 
142 
144 
165 
116 

94 
103 



99 
99 
99 



Peak 95 
Camp 57 peak 162 
110 „ 93 
110 „ 94 
51 „ 163 
Peak 89 
Gamp 110 peak 92 
„ 32 „ 89 
Snow Peak 34 
Gamp 32 peak 110 
32 „ 109 
32 ,. 108 



99 
99 



Height in feet. 



24000 



20010 

20900 

20730 

20100 

20370 

20200 

21020 

20550 

20180 

20970 

20100 

20260 

20350 

20650 

20750 

20490 

20820 

20310 

20640 

20690 

20010 

20480 

20910 

20120 



lAtitnda. 



35 30 

36 «0 
35 30 



33 
32 
32 
33 
34 
33 
33 
33 
33 
33 
33 
34 
33 
33 

34 
34 
33 
33 
34 
33 
34 
33 
33 
33 



58 3 
47 58 

47 10 
40 37 
32 49 

42 15 
26 56 
35 49 

26 30 

27 54 
58 45 
40 19 
49 4 

48 55 
44 20 

43 53 
46 38 
48 7 
46 33 
40 53 
25 4 
16 24 
11 2 
15 33 



liongitad*.* 



82 
87 
87 



30 
20 
40 



79 

81 

81 

81 

81 

81 

81 

81 

82 

82 

82 

82 

82 

82 

82 

82 

82 

82 

82 

82 

83 

83 

83 

83 



40 28 

8 58 

12 40 

18 2 
33 9 
39 25 
42 31 
55 41 
12 57 
15 30 
17 6 

19 19 
19 32 

19 41 

20 49 

21 4 

21 11 

22 19 
22 42 
30 21 

1 13 

5 18 

24 45 

29 9 



AnthorMy. 



WeUby. 
|Sven 



f Deasy. 



Ram Singh. 
Deasy. 

Ram Singh. 
1 Deasy. 
Ram Singh. 






Deasy. 






* The Tilneft of longitude are baaed on the 
1894-96, and are not those hitherto accepted by 



determination of the difference between Greenwich and Madras made in 
the Survey of India. 
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THE LIMIT OF PERPETUAL SNOW. 

The ** snow-line ' ' is the lower limit of perpetual snow — ^the line above which the snow 
resists the heat of summer, and below which it all disappears for a certain time every 
year. Snow will remain unmelted in deep ravines long after it has disappeMed from 
neighbouring summits, but in determining the snow-line we have to consider not shel- 
tered snow but snow exposed to the rays of the sun. 

The snow-line is dependent upon temperature and snow-fall, and to a lesser degree 
upon wind. A light snow-fall renders the line high ; the temperature of air at the snow- 
line is always below the freezing point of water in regions of scanty snow-fall. 

If snow-fall were everywhere uniform, the height of the snow-line would vary 
with temperature, and would consequently tend to decrease from the equator to the 
poles, as the latitude increased. It would, however, under such conditions, be slightly 
lower (north of the equator) on northern slopes than on southern, owing to the 
difference between the angles at which the sun's rays are inclined to the mountain 
surface. 

On the southern slopes of the Great Himalayan range the snow-line is 3000 feet 
lower than on the northern : this large difference is mainly due to the southern slopes 
being exposed to damp winds from the Indian ocean, which drop their moisture be- 
fore they crpss the range. Tibet and the Tian Shan are extraordinarily dry, and 
their snow-lines are consequently higher than those of mountains situated in the same 
latitudes but in other continents. In western China and in the extreme east of Tibet 
a quantity of rain and snow falls, and the snow-line is low. 

Table XXVIII. — ^Height of the snow-line in Central Asia. 









Height of 




Range. 


Aspect. 


Latitude. 


Rnow-line 
in feet. 


Authority. 


Nepal Himalaya 


South 


28° 


14700 


Hooker : Journal, R. G. S., XX, 1851. 


South-East Tibet . . 


• • • 


29° 


13000 


Gill : Journal, R. 6. S., XLVIII, 1878. 


Komaun Himalaya . 


South 


30° 30' 


15500 


■) Richard Strachey : Journal, A. S. B,, 
J XVIII, 1849. 


Eomaun Himalaya . 


North 


30° 30' 


18500 


Punjab Himalaya 


South 


34° 


17000 


Montgomerie : G. T. Survey SyfL, Vol 
VII. 


Ponjab Himalaya 


North 


34° 


19000 


) 


Zaskar . . 


South 


34° 


20000 


y Cunningham's Ladak. 


Zaskar 


North 


34° 


19500 


3 


Ladak range near Leh. 


North 


, 34° 


18500 


1 Drew : Jummoo and Kashmir territories. 


Ladak range near Leh. 


South 


34° 


19000 


Kailas 


South 


; 31° 


19500 


Richard Strachey : Journal, A. S. B., 








< 


XVIIL 1849. 
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Table XXVIII. — Height of the snow -line in Central Asia — continued. 









Height of 




Range. 


Aspeot. 


Latitude. 


BDOw-Une 
in feet. 

20000 


Authority. 


Western Tibet . 


• • • 


34° 


Richard Strachey : Encyclopcedia 










BrUannica, article Himalaya, 










Drew : Jummoo and Kashmir territories. 










Deasy : In Tibet atid Chinese TurUstan. 


Karakoram 


South 


36° 


18500 


Cunningham's Ladak. 


Karakoram 


North 


36° 


18500 


Hayward : Journal, R, 0. S., XL, 1870. 


Karakoram 


North 


36° 


18000 


Cunningham's Ladak. 


Tian Shan 


• • • 


42° 


11000 


SemenofF: Journal, R.G.S.y XXXV, 1865. 


Alai 


• • • 


40° 


14000 


Delmar Morgan : R. G. S., Supplement- 
ary Papers, 1886. 


The snow- line in 


Europe and 


Western Aa 


ia. 




Pyrenees. 


• • • 


43° 


8500 




Cancasus. 


• > • 


43° 


10000 


^ 


Alps 


• • • 


46° 


8500 





Twenty thonscoid feet is the highest elevation to which the snow-line has been 
observed to recede, and it is probable that it will be nowhere found higher : the 
snow-lines on the Euen Lun and in central Tibet have never yet been determined^ 
but they are estimated to lie lower than that of western Tibet, which is one of the 
driest regions of the earth. 

We do not know at present to what extent the rainfall or snow-fall varies with 
height, nor have we been able to determine the elevation of maximum precipitation. 
Sir Joseph Hooker doubted whether the winds from the Indian Ocean ever reached the 
summit of Einchinjunga, and he thought that very little snow fell at that great 
height.* 

The outer Himalayan ranges everywhere intercept a large part of the rainfall from 
the Indian Ocean ; the Pir Panjal range, for example, prevents the moisture-laden 
winds from reaching the valley of Kashmir. But the snow covering the Great Hima- 
laya shows that there are damp currents at high altitudes, which are prevented by the 
range from entering Tibet. 

The water in the lakes of western Tibet is due not to rain falling on the high 
plains but to snow accumulating on the ranges and descending in glaciers. 

''The height," wrote Richard Strachey, "at which it is certain that snow will fall 
" every year in this region (Kumaun) of the Himalaya, is about 6500 feet, and at an 
" elevation of 5000 feet it will not fail more than one year out of ten. The least height 
** to which sporadic falls of snow are known to extend is about 2500 feet, and of such 
falls there are only two authentic instances on record, since the British took possession 
of Kumaun, viz., in 1817 and 1847."t 

Snow was observed to be falling on one occasion, at 10 o'clock at night, in 
February, 1906, in Dehra Dun, at a height of 2400 feet. 

* Himalayan Journals, Vol. II, page 390. 

t Journal, Asiatic Society of Bengal, Vol. XVIII, 1849. 
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